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PUBLIC NOTICES 





UNION OF SOUTH AFRICA—CITY OF 
PRETORIA 





TENDERS FOR CIRCULATING WATER PUMPS 
AND PUMP-HOUSE EQUIPMENT 


The City Council of Pretoria 

invite pa for the SUPPLY, DELIVERY 
and ERECTI ope their Power Station, Mitchell 
Street, Dretarin 

CIRCU: ULATING | WATER te AND PUMP- 
OUSE EQUIP. 

oo po 44 obtained from 
the nsult: Messrs. Merz and 
MeLetian, 32, Victoria ir itrest, London, 8.W.1, on or 
after 31st March, 1941, on yment of a fee of €5 5s. 

Additional copies ‘of the ification may be 
obtained from t Consulting | ineers in London 
on payment of £2 2s. for each such additional copy. 

Sums paid on any number of copies up to four will 
bes refunded on receipt of a bona-fide Tender. 

Sealed Lenders with all relative documents, 
endorsed ‘** Tender for Circulating Water Pum tal ae ' 
Pretoria,’ must be delivered in triplicate as as follows 

(1) The original Toad er and 

SECRETARY TO THE TENDI eR “BOARD. 
OFFICE OF THE HIGH COMMISSIONER 





One Pree of the 8 





FOR SOUTH AFRICA, SOUTH AFRICA 
HOUSE, LONDON, W.C., not later than 
830th April, 1941 


aoe uplicate Tenders and documents to 
Mess: ERZ , McLELL. 
TORIA STREET, DON, 

than 24 hours A deposit of the original 


(2 


Tender boul documents with the igh 
Commissione: 
The Council do not bind themselves to oongt the 
lowest or any Tender. 251 





THE BRITISH BROADCASTING 
CORPORATION 


Applications a are Invited for 
the POST of ENGINEER, to Take ome of 
the WIRING SECTION of the STATION DESIGN 
and INSTALLATION a ex. “$500 per to 
45. Commencing a from to 
annum, according e and experience, with 
annual ineremente. . scale, subject to satisfactory 


service. 

Candidates, yl a be of British nationality 
and parentage, oe ould be accusto: 

vision ol La 


and Light iri 


work, and have business experience with large 
contracting firms. Future rmanent employment 
will be determined by merit and the existence of a 
suitable vacancy. Further details of the conditions 
of employment in the service will be given to candi- 
dates selected for interview. 

heaton, giving full ee of education, 
= cations, and experience, hould be 
rded THE EN INEERING~ a OU 
MENT ‘OFFICER, BROADCA OUSE, 
LONDON, W.1. _ Env should <a ge 
“WIRING SECTION.” ndidates who wish to 
have their applications acknowledged and to be 
informed if their ap aeaticns are unsuccessful should 
enclose two stam addressed envelopes. 


KENT EDUCATION COMMITTEE 








EAST KENT MINING CLASSES 


Wanted, to Begin Duties on 


the ret. pane, or a8 soon as pogelble after that 
date, a L-TIME TEA R MINING and 
ENGINEERING SUBJECTS, a BR a Graduate 
with a Arey aod 8 Certificate. 





The cand inted will be r ble, under 
the Prin cipal yi, Further Education, tor work in 
Mining E tion throughout the East Kent coal- 
field, with Canterbury as the present headquarters. 


The ‘post is one of special responsibility for which an 
allowance will be ivan toa —_ candidate. 

Forms of ap lication may be obtained b: renting 

a stamped, dressed envelope to the ncipal, 

‘Technical Institute, Canterbury, to whom phe 
applications should be sent as soon as possible. 

P. R. MORRIS, 

7268 D r of Education. 





SUNDERLAND EDUCATION 
COMMITTEE 


THE TECHNICAL COLLEGE 
Principal, F. H. REID, B.Sc., Wh.Ex., M.1, Mech. E. 





APplications are Invited for 


e coer oH BEAD of the MECHANICAL and 
DEPARTMENT.  Candi- 


CIVIL ENG 
dates must oy Honours Degree and hary 








(H. E. MERRITT) 


(W. H. DENHOLM) 
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PRINCIPAL CONTENTS OF THIS ISSUE 


ARRANGED FOR CARD INDEXING 
(TaBLE oF CONTENTS, PaGE 210) 
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Remittances 
should be sent to: 


IMPORTANT NOTICE 


All correspondence dealing with Editorial, Advertising 
and Subscription Matters should be addressed to: 
28, ESSEX STREET, STRAND. LONDON, W.C. 2 


and Letters dealing with Accounts 


“*THE ENGINEER,” Accounts Dept., 
c/o The Pitman Press, 
Lower Bristol Road, 


Bath, Somerset. 








SITUATIONS OPEN 


SITUATIONS WANTED 





COPIES or TESTIMONIALS, NoT ORIGINALS, UNLESS 
SPECIFICALLY REQUESTED. 





y* 
oe experience ‘o Engineering 
The Coll is affiliated Sr 
at IK ena ot ‘ied Seles 
neering in P ence. 
es tandard of Full-time Day Courses is that 
required for & pity 
are 


the Evening 
Cou 
standard. the Higher ational Certificate 


ry £600 by £25 to £700 (less superannuation 


cegtin partioulars and forms of appliation may 
er cu 
eo obtained from he Secrets nical 
The | forms of ai alton oat be returned to the 
undersigned on or April, 1941. 
Canvassing will bea geen feation. 
D 
15, John Siveet irector of Education. 
Sund 5 
7th March, 1941. 7234 





TO ADVERTISERS UNDER BOX NUMBERS IN 
SITUATIONS OPEN SECTION. 


an Ay Bags on of a f epgticante. the Proprietors are 





IMPORTANT 


Adver‘isers in Situations Open eo 
should make themselves acquainted with 


terms of 

‘STATUTORY, wig a ORDERS 
RESTRICTION ON ENGAGEMENT ORDER 
ras os Post You Are Seeking 

an this Columa, but do not lone the ¢ Pe 
Aduastipes = ” ad ad cold em You Column 
for a cost Bey Lines, hy ooy® for each S Saitionat 

is no better way of covering so 


Line. There 
field for such a omall pigs 


TRGENTLY REQUIRED by Well-known Old- 
established firm, capable ASSISTANT WORKS 











MANAGER for night shift, to Take fame of Manu- 

on and Assembly of Light Electrical Parts in | 
rge extension factory exclusively on Air ; 
Ministry work. South - ales tg — 
opportunitie and prospects for the ri man.— 








notices that vacancies are 
ile, wu me OF ae from ba J Adver- 
S (limited $0 ene line) will be free 

po Noe Ba is asked for. 





ence, age and salary yy 
tonethier rite copies of references, to 725! +. Tes t a 
9 A 


BUYER, Over 20 Years 


preferred. Address 


dintrict® 
Office. 


Burks CHAN 


Engineer- 
CHANGE, London 
Engineer 

B 











(29), 
Cert. 


Ga. 
Ni 
B.O.T. 


DESIRES PORITIO 
‘Address, P3095, 


A.M. 





Sandwich S 


ystem,”’ App. 


Higher 
First Class _— and Motor 


. E., 


sea =6eXD~., 


ON, Works Sins iemet preferred. 
The Engineer Office. P3095 B 





j\XPERIENCED Lag y 


POST ga 


8 | Address, 


manager, 
._ chemical 


The Eng 


AD 


Training as 
TIVE 


and general engineering.— 
ineer Office. P3072 B 





ULLY et aul 
Pa 


tudent apprenticeship, 


od ENGINEER, Professional Degree 


three years university, 





a. 
POSITION offeri 


machine design, 


ins’ 


ng D.O 


” 


include 
jon, 


four years’ 
REQUIRES 


laboratory or progress 
experience in mechanical or heavy electrical engi- 
neering. Abilities 


lay-outs, 


&e. 


estimates, 


Free April 2ist. 
Please state nature of work and chances of promo- 
tion had ability.—Address, Engi 


ineer 
B 


SITUATIONS WANTED 





SIMILAR POSITION 


MANAGER or 
Garth Wide 


 y~ 4 by Chartered Accountant. 
experience of labour, commercial and 
tive’s =) contracts, Bb eae oe 


t ut uetion, output, 
a ot etaem salary £1350'£1500. — 
The Engineer Office. P3085 B 





ENERAL MANAGER (43), Loco., Diesel, General 
and light engineering, free, DESIRES POST 
Administrat: Works, Production, eae 
Sales.—Address, P3902, The ineer Office. 
lg the Man You Are Seeking is Not Amongst those 
Advertising in this Column, a Small Announce- 
ituations Open ©’ Column will —- 
and Economically Product th Right Selection of 
Applicanta, at the same time Eliminating Waste of 
| ow ‘ort, Waste of Time, and Waste of Opportunity. 
charge is Four Lines or under, 48.; each 
aiditious) t Line, 1s.; Box Numbers, 6d. extra, which 
includes despatch of all replies. 











Weer MANAGER, with Wide Technical Com- 
mercial experience in general engineering and 
jalised products, energetic organiser with prac- 
ical mocking tool knowledge, able to take complete 
eal of works, and used to — planning and 


roduction methods LLIN to 
ACCEPT any me CONSIBLE PO POSITION. —Address, 
P3088, The Engineer Office. P3088 B 





7JORKS MANAGER or SIMILAR POST; 27 yrs.’ 


45 yrs.; now free. Expe sales, buying (every 
detail), costing, estimating, interviewing, A.LD. 
requirements; very ee possesses 


qualifieations towa 
disciplinarian. Min. ala 6550: last 13 yrs. “Works 
Manager.—Address, 72 Engineer om" “0% 





ey SEEKS POSITION, Heat Treatment 
ols, used experienced alloy case-hardening 
and tools, used to gas, electric furnaces, also cyanide 
age, excel. ref.—Address, pa 


process 
Engineer Ofnes. B 





MISCELLANEOUS 





OPPORTUNITY FOR 
INVENTORS 


CONTRACTORS’ PLANT 


Qa with Ideas or Inven- 
tions for New or Im ~ oh. A 
Plant _or a 
he 3 LEADIN 

BMIT their 


to 
tise a Yew to DEVELOP- 





Generous Terms will be offered for 
Accepted Schemes it by the 
Comeaay during Development he A 
Favourably Considered. 

Inventors who can e that their 

proposals are of comstdicabie commercial 
a should write to 

Address, 7257, The Engineer Office. 

7257 1 





EDUCATIONAL 


. AUTHORITATIVE 
CORRESPONDENCE TRAINING 





A. F R.Ae.S., A.M.L. Chem. E & 
a have been gained by T. LG.B. 
a 
Especially in view of Air Raid and wy Condi- 

tions, study at home with the T.1.G.B. in order to 
achjeve me) ae progress and results. Write dae 
for *‘ The E "a Guide to Success ’’—FREE— 
containing the world’s choice of aa cincering Courses 
—over wering all branches and recognised 
qualifications. Mention —— post or ney oe 
t open you. The T.LG. B. guarantees training 
until su q 


THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN, 
76, TEMPLE Bar Housz, Lonpoy, E.C.4. 





AUCTIONS, Page 72 
FOR SALE, Page 72 
MACHINERY, &c., WANTED, Page 72 
PATENTS, Page 2 
SUB-CONTRACTING, Page 72 
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First Column Overleaf 
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The Engineer 900 W.G. BAGNALL, LTD. 
Annual Subscription Rates That’s the number of books in Pitman’s Technical Catalogue. ~ It STAFFORD 

(including postal charges). may surprise you; on the other hand it may not. Quite probably London Office: 32,Victoria St.,S.W. "Phone: 1882 Abbey. 
BRITISH ISLES ... £3 5 0 : you are one of the growing number of engineers who naturally look 
wumeans oS The ee na up the Pitman Catalogue whenever you want a book about your er bond Bae mepshntigisiee 
ame 8. foe work; which, incidentally, reminds us, have you got a copy of peas alga Astin: ee 

our latest Technical Catalogue? If not, send for it to-day— a 
seen daeihiiiepeiiinse Dept. HFS/Tech, Pitman’s, 39, Parker St., Kingsway, London, W.C.2. Tipping T sure cx psa reason, o 
Switches, 





This Supplement, which deals with the Sci and 
Practice of Metallurgy, both fetrous and nGn-ferrous, is 
Published free with the last issue of THE ENGINEER 
oy alternate month. Next date, April 25th. 
ADVERTISEMENTS. 
The charges for Classified Advertisements are 1/- 
per line up to one inch—minimum charge 4/-; 
those occu: one inch of more at the rate of 
12)- in Orders must be eee veri a 


: aes. 
Advertisements cannot myer unless pore 
before TWO o'clock on Wednesday afternoon. 
Letters relating to & Advertisement and the Publi. 
Department of the Paper are to be adéressed to 
5 osseapes all other letters as t te aeua ae 
itor of TaE |} NGINEES. 


Postal Address, 
28, Essex Street, Strand, Londen, W.C.2 


Teleg. a 
N » Estrand, London.” 
Tel. Central 6565 {10 fines). 








PATENTS 
KOA Meh. ba, Patent Agent Avion Bnd 


pn and Consultati 
t, London, £.C.4. "Phone, oity a 7230 # 








shea PROPRIETOR of BRITISH ya ty Nos. 


ines 475,709 ry - 2712, both dai at flsting 
4 peaining | rovements in la ating 
to the ot Mellie Ry A by 
eee: ape and * iimpro ~ atic ie, re latin to to 
=. ts) a ie icles,*” : e 
Dp HROUS or CENCE 4 _fanerwise Rani b 
iy way 0 a 6! = 
tefms for the purpose of ERPLOIMN TTING wien remonetl 
patents and ensuring yA practical working in 
Great _Britain.—Inquiries SINGER, EHLERT, 


STERN and CARLBERG a 2 Building, Chicago, 
Tilinois. 7229 & 





PROPRIRTOR of tae PATENT No. 
439,510, dated June 8th, 1934, relating to 
2 ER, in a Localising Control Device in 
Machines for Continuously Feeding Sheet Material,” 
is a age of ENTERING | into crop 
MENTS by WAY of a licence or otherwise 
able terme for the purpose “ot EXPLOITING fl the 
above Patent and ensuring its practical working in 
Great Britain.—Inquiries to SINGER, EHLERT, 
STERN and CARLBERG, Steger Building, Chicago, 
Illinois. 7256 4 





Pearearces of BRITISH_PATENTS N 
465,745 472,018, are PREPARED "' 
LICENSE Brith, Mahufactufets to work thereunder. 
They relate to “* Rolling Mills and Methods for 
Rolling Metal.’’—Address, BOULT, WADE and 
TENNANT, 112, Hatton Garden, London, ro 
25 





PROPRIETORS of the PATENT No. 
422,740, for Improv nents in or relating to 
Mounti. fer Thin Abrasive Wheels, are DESIROUS 
of ENTERING into ARRANGEMENTS by way of 
Licence and otherwise on reasonable terms for the 
purpose of exploiting the same and ensuring its 
full development and practical working in this 
country.—All ee should 


in the fitst instanee to HASELTINE LAKE and 
CO., 28, Sout — Builiings, Chancery Lane, 
London, W.C.2 7262 H 





For continuation of Small Advertise- 
ments see page 72 





The Classified Advertisement 
Section is usefully employed by 





MECHANICAL, CIVIL 
and ELECTRICAL ENGINEERS. 


FACTORY 
and WORKS MANAGERS. 


SALES MANAGERS, 
BUYERS, MANUFACTURERS. and 
MACHINERY DEALERS. 


AUCTIONEERS, 
ESTATE AGENTS and SOLICITORS. 


GOVERNMENT DEPARTMENTS. 


MUNICIPALITIES, 
PUBLIC CORPORATIONS 
and TECHNICAL SCHOOLS. 


DIRECTORS and PRINCIPALS IN 
LARGE ENGINEERING CONCERNS. 


AT HOME AND ABROAD. 


“THE ENGINEER” classified advertise- 
ment section offers the surest means of 
bringing your annoancement to the 
po oe MD oe TE 
adven' any which 
have to oie. 2 sti 





Classified Advertisement Department 
“The Engineer,” 
2%, Essex Street, Strand, W.C. 2 





PITMAN’S FOR THE BEST TECHNICAL BOOKS See Mlustrated Advi, alternate issues 














UNIVERSITY DEGREES IN ENGINEERING 


64 PAGES, 12 MO. 1934 Dr. T. W. CHALMERS, M.I. Mech. E. Price 1g, NET 


The Journal of THE INSTITUTION OF MECHANICAL ENGINEERS says :—The Engineer has rendered the profession a 
service in publishing this survey of the regulations governing the granting of degrees. It should prove of considerable 
service to those about to select a college course and to any called upon to assess the relative merits of the 
engineering degrees given by the various universities of Great Britain and Ireland. 


Obtainable from this Office: THE ENGINEER, 28, ESSEX STREET, STRAND, LONDON, W.C. 2 

























ae GOING UP? 


More and more Constructional Engineers are 
finding it an economic proposition to employ 
Specialist Erectors for the actual erection of 
buildings or mechanical structures. 








We have specialised for many years 
as Erectors to the Constructional Industry. 
Our working executives and employees are 
highly skilled craftsmen, who carry out their 
work with the utmost efficiency. Clear 
heads, tough muscles, and a sound know- 
ledge of the mechanics of steel erection 
enable them to tackle every job in a straight- 
forward, workmanlike manner, resulting in 
completion to time, and finish to standard. 


Factories, Hangars, Storage plants, Bridges, Ganitries, 
etc., are all within our scope. Let us quote you. 


pass 


GEORGE M. CARTER (ERECTORS) tTO., CARLTON HOUSE, JESMOND RD., NEWCASTLE-ON-TYNE. "PHONE : JESMOND 1450. ALSO LONDON, HIGH WYCOMBE, BRISTC 
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A Seven-Day Journal 


British Aircraft Production 


In a broadcast address delivered on Sunday after- 
noon, March 28rd; Lord Beaverbrook, the Minister 
of Aircraft Production, paid a high tribute to the 
designers and builders of British aircraft. He said 
that he was able to state that the total of bombers 
and fighters now in reserve, ready for immediate 
operations, marked a record surpassing anything in 
the history of aviation. The month of February 
had shown a record figure for the production of both 
bombers and fighters, while the engine production 
for the same month was a fine figure, although not 
a record. Speaking of research, Lord Beaverbrook 
said that it was one of the most important branches 
of the Air Ministry, and the men responsible for 
development had brought into operation during the 
last nine months six new types of aircraft—the 
‘* Beaufighter,” ‘‘ Fulmar,” ‘‘ Whirlwind,” “ Stirling,” 
‘* Halifax,’’ and ‘ Manchester.”” Two new aircraft 
were passing from the development stage to produc- 
tion, and behind those machines were several other 
new types. Five new engines had been brought 
from the experimental stage to production during 
the last nine months. In his further remarks Lord 
Beaverbrook paid a tribute to the leadership of the 
Secretary of State for Air, Sir Archibald Sinclair, 
and he singled out of his own staff three members 
whem he said deserved special praise. They were, 
he said, Mr. G. P. Bulman, who had dealt with 
engine production for the Air Ministry before his 
transfer to the Ministry of Aircraft Production last 
May ; Mr. W.S. Farren, who had done excellent work 
on the technical side, and came to the Ministry from 
the position of Deputy-Director of Scientific Research 
in the Research and Development Department of the 
Air Ministry ; and Air Commodore Patrick Huskinson, 
Director of Armament Development, who had served 
as Vice-President of the Ordnance Board at Woolwich 
Arsenal before joining the Ministry, and was one of 
the leaders in the design of bombs. 


Institution of Mechanical Engineers 


Last Friday, March 21st, at a meeting of the 
Institution of Mechanical Engineers, a short paper 
entitled ‘‘ Munitions Labour Supply Organisation ”’ 
was read by Mr. W. H. Denholm. We print an 
abstract of the paper on another page. It was 
informally discussed and a number of speakers put 
forward the views of manufacturers. It was suggested, 
for instance, that Inspectors of Labour Supply were 
not always welcomed by manufacturers owing to a 
considerable degree of overlapping with inspectors 
from other departments, and individual complaints 
were made that more than one inspector .from the 
same department had visited works with the same 
object in view within a week or so. The employment 
of women was discussed, and it was pointed out that 
it was a perplexing and difficult problem and that 
the pool that could be drawn upon was not as large 
as experience in the last war might lead one to 
expect. There was little trouble to be expected in 
the employment of the younger women, but special 
conditions applied to those elder women who were 
married. The plea was also made that just because 
it was well established that women were well suited 
to repetition work it should not be assumed that 
they were incapable of doing other kinds of work 
successfully.... The annual general meeting of 
the Benevolent Fund of the Institution preceded 
the meeting. Mr. Asa Binns, Sir Francis Carnegie, 
C.B.E., Mr. W. A. Tookey, and Mr. T. Walley were 
elected to the Committee to fill vacancies caused 
by the retirement of Major P. J. Cowan, M.B.E., 
Mr. W. J. Tennant, and Sir Nigel Gresley, and the 
death of Mr. G. E. Wolstenholme. The net increase 
of membership for the year was 188, and the total 
number of members was 2424, or 17 per cent. of the 
membership of the Institution. 


The Late Sir Richard Holt 


LIVERPOOL and Merseyside has suffered a severe 
loss by the death on Saturday morning, March 22nd, 
of Sir Richard Holt, which took place following an 
operation. Sir Richard was, above all, a great 
shipowner and an outstanding personality in British 
shipping whose place will be hard to fill. Richard 
Durning Holt was a Liverpool man and received 
his education at Winchester and New College, 
Oxford. He was a partner of Alfred Holt and Co., 
of Liverpool, the managers of the Blue Funnel 
Line, which includes the Ocean Steamship Company, 
Ltd., and the China Mutual Steam Navigation 
Company, Ltd. His independence of thought and 
action, and his keen business instinct, coupled with 
the gift of seeking out young men of promise and 
ability, enabled him to do much in building up and 
maintaining the high reputation of the Blue Funnel 
Line, in all that pertained to ship design, construction, 
and efficient operation. Apart from the work con- 
nected with his own firm, Sir Richard found time to 
serve his country in wider spheres, and in 1923 was 





elected the chairman of the Liverpool Steamship 
Owners’ Association. As early as 1896 he joined the 
Mersey Docks and Harbour Board, and he had been 
its chairman since 1927. He was a Past-President 
of the Chamber of Shipping of the United Kingdom, 
and a Past-President of the Dock and Harbour 
Authorities’ Association. In 1935 he was created 
a baronet. The University of Liverpool conferred 
upon Sir Richard the degree of Hon. LL.D. In recent 
years he became the chairman of Elder Dempster 
Lines, Ltd., and the Glen Line, Ltd., and in 1937 he 
was the chairman of Martin’s Bank, Ltd., with which 
his family had long been associated. 


Opening of the Grand Coulee Dam and 
Power House 


On Saturday, March 22nd, the official opening took 
place of the Grand Coulee dam and power house, on 
the Columbia River in the State of Washington. The 
dam and power scheme, a description of which we 
begin in to-day’s issue, has taken about eight years to 
build. It is claimed to be the world’s greatest single 
source of power, and the contractors finished the work 
well ahead of the contract time. The dam has a 
length of 4200ft. and a maximum height of 553ft., 
while its greatest thickness is 500ft. With the 
starting of the generating plant, power is now being 
delivered to the transmission lines of the Bonneville 
Power Administration. The maximum designed 
power is about 1,974,000 kW, but the first power load 
is about 10,000 kW. Some of the water will be 
eventually used to irrigate about 1,200,000 acres of 
what is at the present time dry and barren land. 
The irrigation plant will include twelve sets of elec- 
trically driven pumps of large capacity, which are 
operated by remote-control switchgear, and will be 
used to lift the water from the reservoir into another 
reservoir at a higher level to be formed in the nearby 
Grand Coulee itself. When the land is irrigated it is 
hoped that farms for 75,000 people will be provided, 
and that eventually the new area of productive land 
may accommodate up to a million people, possibly 
many from the south-western ‘‘ dust bowl.” 


The St. Lawrence River Power Scheme 


On Wednesday, March 19th, representatives of the 
Governments of Canada and the United States of 
America signed an agreement at Washington which 
provides for the immediate development of the Great 
Lakes and the St. Lawrence River navigation and 
power scheme. The agreement puts an end to many 
years of discussion of the projects involved, which 
in 1934 were checked by the refusal of the United 
States Senate to ratify a treaty covering waterway 
and navigation rights. The new arrangement over- 
comes the difficulty of ratification by the substitution 
of an agreement for a treaty. In announcing the 
agreement, President Roosevelt stated that he con- 
sidered the St. Lawrence waterway scheme a vital 
necessity for defence, which, he held, was directly 
associated with America’s determination to supply 
such aid in material to Great Britain, the members of 
the British Commonwealth, and their Allies, as might 
be necessary to enable them to bring the war to a 
successful conclusion. The cost of carrying out the 
work connected with the scheme will be divided 
between the two countries. On Thursday, March 
20th, the President sent the text of the agreement 
signed the previous day to Congress, which, following 
the passing of a majority vote, will be in a porition 
to provide appropriate funds for construction. Part 
of the scheme provides for the building of dams and 
water power stations on that section of the St. Law- 
ence River near the International Rapids, at a cost 
of about £66,512,000. At a later date provision is 
made for the completion of essential links for the 
deep-water connection between the Great Lakes and 
the Atlantic Ocean. It is expected that this part of 
the scheme will increase the total expenditure under 
the agreed scheme to something like £135,000,000. 
A clause in the agreement provides for the preserva- 
tion of the scenic beauty of the river at the Niagara 
Falls. 


Naval Shipbuilding on the Great Lakes 


On Tuesday, March 25th, it was announced by the 
Administration of the United States of America that 
after a period of negotiation which has extended over 
two years, agreement has been reached with the 
Canadian Government which will permit of both 
nations, in the shipbuilding yards of the Great Lakes, 
constructing ships for army and naval use. The 
agreement which has been reached, it is stated, is 
a new interpretation of the Rush-Bagot agreement 
of 1817, which controlled questions relating to 
naval operations and armaments in the Great Lakes 
area. It lays down four principal conditions. First, 
that the vessels to be built must not be intended for 
the services of the Great Lakes; secondly, that 
before construction is begun, each Government 
must furnish the other with full information con- 





cerning any ship which is to be constructed in Great 
Lake yards or ports ; thirdly, that while it is agreed 
that warships may be built on the Great Lakes, 
with full armaments, the armaments must be placed 
in such a condition as to be incapable of immediate 
use while the vessels remain on the Great Lakes ; 
fourthly, it is laid down in the agreement reached 
that any naval vessels which may be constructed 
on the Great Lakes must be removed promptly 
from that area upon their completion. The agree- 
ment will, no doubt, further increase Canada’s 
output of naval ships, which, as already recorded 
in these columns, comprises a programme of seventy 
corvettes, sixty mine sweepers, some twenty merchant 
ships, and a large number of smaller craft. It is 
announced by the Canadian Munitions Department 
that good progress is bemg made with this programme. 


Nucleus Industries in Northern Ireland 


THE possibility of Northern Ireland undertaking 
for the duration of the war work of firms in Great 
Britain affected by the Government’s new “ concen- 
tration of industry ”’ policy was discussed in London 
this week by Sir Basil Brooke, the Minister of Com- 
merce in the Government of Northern Ireland. The 
general principle underlying the policy is that nucleus 
factories should undertake temporarily the civil pro- 
duction of a number of other firms, thereby freeing 
for munitions work the workers displaced and the 
productive capacity of the latter concerns. Sir Basil 
Brooke stated that workers were urgently required 
for the production of munitions. As it happened, 
however, Northern Ireland did not possess munition 
factories which could absorb workers displaced by 
the shortage of raw materials or by the operations 
of the Limitation of Supplies Orders. The Govern- 
ment of Northern Ireland was most anxious to make 
its full contribution to the national effort, and the 
new policy announced by the President of the Board. 
of Trade, which involved the temporary placing in 
cold storage of a number of productive units, pre- 
sented an opportunity for industrialists in Northern 
Ireland to come to the help of such concerns, by 
agreeing to undertake for the duration of war the 
production of essential goods on their behalf. 


The Fire Prevention Order 


AN announcement made by the Ministry of Home 
Security on Thursday, March 20th, states that follow- 
ing consultations between representatives of the 
Ministry, the Trades Union Congress, and the em- 
ployers’ organisations, agreement has now been 
reached on a number of important matters concerning 
the administration of the Fire Prevention (Business 
Premises) Order. The consultations, it is stated, have 
cleared away many misunderstandings and mis- 
apprehensions which had arisen since the Order came 
into force and had interfered with its effective opera- 
tion. It has now been decided to issue a memo- 
randum agreed by all concerned as quickly as possible, 
and to circulate it to the employers’ organisations 
and the trade unions. Apart from that, copies of 
the memorandum will be supplied free of charge on 
application to the Publications Department of the 
Ministry of Home Security at Horseferry House, 
Thorney Street, London, 8.W.1. Points in the 
memorandum to which particular attention is drawn 
are as follows :—The Order provides that before 
making any fire-prevention arrangements, the 
occupiers of' business premises should consult with 
the persons working at the premises or with their 
representatives. The intention is that the arrange- 
ments should, as far as possible, be mutually accept- 
able and therefore should be the subject of full dis- 
cussion at the planning stage. If, as will generally 
be the case, workers have their trade union representa- 
tives, they should represent their members in the con- 
sultations. While the Order provides that no person 
shall be entitled to any remuneration for the perform- 
ance of fire-prevention duties outside his working 
hours, it is explained that this does not rule out pro- 
vision for refreshment or an allowance in lieu thereof 
or reimbursement of out-of-pocket expenses or an 
allowance for additional travelling expenses neces- 
sarily incurred in respect of fire-prevention duties. 
These are matters which should be mutually arranged 
between the parties, and in this connection the 
memorandum also mentions that sleeping accommo- 
dation and access to lavatories and washing-places 
should be made available. It has been agreed by all 
concerned that the essential object is to get the 
Order into operation as quickly and smoothly as 
possible. The memorandum also refers to the ques- 
tion of enforcement of the Order, and points out that 
the relevant provisions were necessary to deal with 
cases where there is deliberate evasion of the Order, 
or an attempt by either individual occupiers or 
workers to escape their obligations to the detriment 
of other occupiers, their fellow-workers, or the com- 
munity. Of great practical value are the sections of 
the memorandum which deal with appeal tribunals, 
training, and compensation for injuries. 
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Deterioration of Structures in Sea Water 


> 


‘da eighteenth report of the Committee of the 
Institution of Civil Engineers, commonly 
known as the Sea Action Committee, was recently 
issued by the Institution.* Earlier reports in the 
series have been published by H.M. Stationery 
Office, but in this instance, having regard to the 
position created by the war, the publication is 
made by the Institution. 

The present report correlates the data obtained 
from the corrosion tests carried out for fifteen years 
with certain ferrous metals ; it makes no reference 
to the tests on timber and concrete which were 
dealt with at length in the comprehensive fifteenth 
report made in 1935.7 The present report has been 
prepared by Dr. J. Newton Friend. 

It will be remembered that the Sea Action Com- 
mittee was constituted in 1916, and that its first 
report was issued as far back as 1920. Since the 
date of the last report, Mr. Maurice F.-G. Wilson 
has retired from the chairmanship of the Com- 
mittee, and has been succeeded by Mr. W. T 
Halcrow. 

The ferrous metals on which these duration tests 
have been carried out are those listed in Table I 
hereunder :— 


TaBLe I. 

Bar. Metal. Condition. 
N_.... Low Moor wrought iron Cleaned 

a Swedish charcoal iron ... ’ 

M Ingot iron 4a 

B Mild steel, high Dene P+... With scale 
F Mild steel 0-7 per cent. Mn.. ” 

Cc Ditto Cleaned 

E Mild steel, low S and P With scale 
A Ditto in Cleaned 

D 0-4 per cent. carbon steel ... With scale 
G Mild steel, 0-635 per cent. Cu With scale 
H Ditto 2-185 per cent. Cu ”» 

J 13-5 per cent. Cr steel . : 

K 3-75 per cent. Ni steel .. 

L 36-55 per cent. Ni steel 

Q Hot-blast cast iron As cast 

R Cold-blast cast iron 


The metals were in the fame. - flat ioe sup- 
ported vertically in concrete frames and exposed 
to corrosion at four stations, namely, Auckland 
(N.Z.), Colombo, Halifax (N.S.), and Plymouth. 
Reports on the condition of the specimens, when 
they had been exposed for five and ten years 
respectively, are contained in interim reports, and 
were summarised in the comprehensive fifteenth 
report (1935). Bars A and C (Table I) were made 
from the same steels respectively as bars E and F, 
the two latter being exposed with adherent scale, 


Cleaned Bars 
~ 





Carbon Steels & Alloy Steels Exposed with Adherent Scale 
ot 


After an exposure of fifteen years to sea action, 
the ends of the bars protected by the concrete were 
perfectly preserved, except in a few cases where 
the concrete had cracked. Some of the bar speci- 
mens listed in Table I have been partly eliminated 
from detailed discussion in the report because of 
their unsatisfactory behaviour under certain con- 
ditions. Thus the chromium steel J behaved 
extremely well in air and fresh water, but in contact 
with sea water, whether at half-tide level or when 
completely immersed, the metal suffered such 
severe localised corrosion as to be rendered useless. 
The cast irons Q and R stood up well against atmo- 
spheric corrosion, but in all other tests serious 
graphitisation took place, working into the metal 
so deeply that the observed losses in weight gave 
no indication of the serious extent of the corrosion. 

The results from the different observing stations 
are discussed in the report under four separate 
heads :— 

(1) Typical Sea-Air Corrosion.—From this group 
the “aerial’’ bars at Colombo are excluded, as 
the conditions at that station (exposure to sea 
spray, humidity of the air 75 to 81 per cent., and 
rainfall averaging 90in. per annum) closely approxi- 
mated to those obtaining at half-tide level at the 
other stations. 

(2) Complete Immersion in Fresh 
Plymouth only. 

(3) Exposure Alternately to Sea Air and to 
Wetting by Sea Water and Spray.—The “‘ aerial ” 
bars at Colombo are included in this group. 

(4) Exposure to Continuous Wetting by Sea Water. 
—The completely immersed bars at all four 
stations are included, as well as the half-tide bars 
at Colombo. 


The cast irons are considered only under group 
(1), and are eliminated, for reasons already men- 
tioned, from the discussion of the other groups. 
The pronounced graphitisation of some of the 
cast iron samples is of considerable interest, and 
an electro-chemical process, introduced at the 
Chemical Research Laboratory, Teddington, was 
found useful in removing the closely adherent 
layer of graphitised corrosion product in order to 
ascertain the weight of the unattacked metal. 
The superiority of the cold-blast metal R to the 
hot-blast Q is pronounced, particularly in the sea 
water tests ; it is least so in the fresh water tests. 
In the half-tide tests the cast irons lost considerably 
less in weight than the clean wrought iron N and 
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while A and B had been ground free from scale. 
All the bars measured 60 cm. in length, 7-5 cm. 
across, and 1-25 cm. in thickness. They were 
embedded in concrete at both ends to a depth of 
approximately 5 cm., the exposed area being on an 
average 850 square centimetres. As this area 
differed somewhat in the several sets of experi- 
ments, all the losses in weight have been calcu- 
lated for an area of 1000 square centimetres (155 
square inches), and are thus strictly comparable.t 





*“ Deterioration of Structures in Sea Water: Eighteenth 
Report.’’ Copies may be obtained from Wm. Clowes and Sons, 
Ltd., Axtell House, Warwick Street, Regent Street, W.1, 
8s. 6d. post free. 

+ Vide Tue ENGINEER, April 10th and 17th, 1936. 

} A loss of 1 gramme per 1000 square centimetres is approxi- 
mately equivalent to 1 oz. per 30 square feet. 


metal was decidedly inferior. 





the mild steel C ; in the fresh-water tests there was 
little to choose between these metals. In the tests 
involving complete immersion in sea water there 
was little difference between the losses of the cold- 
blast iron and the mild steel, but the hot-blast 
Generally, the cast 
irons were more deeply pitted than the wrought 
iron and the mild steel. 

The report summarises the results of the tests 
on the cast iron samples as follows :— 

(1) For aerial work (sea air), cast irons appear 
to be remarkably resistant to corrosion, and can 
be thoroughly recommended. 

(2) The cast irons appear also to be highly 
satisfactory for conditions involving inter- 
mittent exposure to air and sea water. 





(3) Under conditions of complete immersion 
the cast irons are generally much inferior to 
wrought iron and mild steel. 

(4) Except in cases of aerial exposure, cast 
irons suffer from the disadvantage that even 
careful mechanical scraping may give no indica- 
tion of the extent to which corrosion has pene- 
trated. The apparent condition of the metal 
may be very dangerously misleading. 

(5) In all cases there is always the danger that 
the cast iron may be weakened by blow-holes 
or other internal irregularities which cannot be 
detected by even a careful surface examination. 


SeA AtR CORROSION 


In every test the cleaned mild steel A lost less 
in weight than the same steel E exposed with 
adherent scale. Similarly, in eight tests out of 
nine, the cleaned steel C lost less than the steel F 
with scale. The fifteen-year C and F bars at 
Halifax behaved alike, whereas in the five-year 
tests at Auckland, bar F lost slightly less than 
bar C. 

The results at Halifax and Auckland may be 
regarded as fairly normal ; those with the fifteen- 
year bars at Plymouth are distinctly abnormal. 
The scale tends to protect the underlying metal 
from further oxidation, but it can do so only where 
it remains firmly attached to the metal. The 
protective effect of scale will be greatest during 
the early stages of exposure when it covers the 
maximum area. But the scale is brittle, and readily 
cracks, both under mechanical action, such as 
impact, and under thermal changes. The metal 
expands with rise in temperature more than the 
scale can do, with the result that the latter cracks 
and may flake away. An intensified corrosion 
occurs in the cracks and proceeds underneath the 
scale, which shuts the moisture in and retards 
evaporation. This localised corrosion may more 
than counterbalance the protective action of the 
scale elsewhere, in which case the bar loses more 
in weight than if no scale were present. The 
cleaned bars were, on the average, less deeply 
pitted than the others, as was expected. The 
advantage of cleaning steels entirely free from 
scale before exposure to aerial corrosion is thus 
clearly demonstrated. 

Summarising the effect of sulphur and phos- 
phorus on corrosion in sea air, it is found that 
‘ grouping all these results together, therefore, it 
appears reasonable to conclude that the resistance 
of carbon steels to aerial corrosion is favoured by 
reducing the sulphur and phosphorus contents.” 

The addition of copper to steel in every test 
enhanced very perceptibly the resistance of the 
metal to corrosion. Steels G and H, containing 
0-635 and 2-185 per cent. of copper respectively, 
are directly comparable with mild steel F, their 
carbon, silicon, sulphur, and phosphorus contents 
being closely similar. The total losses in weight 
of these bars at each station are given in the 
following table, and offer a fair basis of comparison. 
Steel F, on the average, lost nearly twice as much 
in weigth as G, and more than 2} times as much 
as H. 

TasLe LI,-—Effects of Copper and Nickel. 
Losses in grammes. 


Halifax. Auckland. Plymouth. 
F (carbon steel) . 645 . 1406 ... 4169 
G (0-635 ai cent. 
Cu) Ot rs SS . 2865 
A “ 185 per cent. 
Cu). 445 1541 
K * 75 = cent. 
\. : , atae cde ee 280 334 


Even more sisal than the addition of copper 
was that of 3-75 per cent. of nickel in steel K. In 
every test this metal lost even less in weight than 
the copper steel H, particularly in the fifteen-year 
tests. Its superiority over mild steel F rapidly 
increased with the period of exposure, the ratio of 
the losses F/K rising from 3-6/1 in five years to 
12-5/1 in fifteen years. Moreover, the average 
depth of pitting on metal K was less than one- 
third of that on F. 

The chromium steel and the 36 per cent. nickel 
steel resisted corrosion remarkably well, their 
losses in weight being negligibly small. Even after 
an exposure of fifteen years, the bars presented an 
almost perfect appearance, pitting being negligible. 


CoMPLETE IMMERSION IN FRESH WATER 


These tests were carried out on bars immersed 
vertically at the bottom of the Admiralty concrete 
reservoir at Turnchapel, Plymouth. The water 
is extremely soft (temporary hardness due to 
calcium carbonate=0-6 per 100,000, and per- 
manent hardness=1-0). 

During the first five years the cleaned bars lost 
more in weight than the corresponding uncleaned 
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ones, probably in consequence of the protective 


action of the scale on the latter. After fifteen years, 
however, the scale had partly disappeared, and 
both groups of bars were beginning to behave 
more alike. 

Direct comparison of the behaviour of wrought- 
iron and mild steel is possible only with the cleaned 
bars. The wrought irons N and P, the ingot iron 
M, and the mild steels A and C, all of which had 
been ground free from scale. before exposure, 
behaved very much alike in every set. The close 
similarity in the losses of bars N, A, and C is shown 
numerically in the following table :— 


TaBLE III.—Low Moor Iron versus Steel. 


Five years. Ten years. Fifteen years. 
Loss, Loss, Loss, 
grammes. grammes. grammes, 
N (Low Mooriron) 340 a * Se re 
A (mild steel) 354 453 566 
C (mild steel) 340 453 532 


On the influence of scale on corrosion in the 
fresh water tests the report summarises the results 
as follows :— 

In view of the irregularity of the corrosion 
atid the severe localised attack on the uncleaned 
bars, it is clearly demonstrated that the best 
policy is to clean the metals free from scale before 
exposure to corrosion in fresh water. 

Steel B, possessing high sulphur and phosphorus 
contents, lost on the average 16 per cent. more in 
weight than mild steel F, with which it is directly 
comparable. The difference between the two 
steels, though less pronounced than in the aerial 
tests, is still important. On the average, bars A 
and C and bars E and F corroded at closely similar 
rates, the 250. per cent. variation in their sulphur 
and phosphorus contents having apparently no 
appreciable effect. 

The fact that fluctuations in the sulphur and 
phosphorus contents of steel exposed to fresh 
water corrosion do not affect the rate of corrosion 
as seriously as in the aerial tests may be due to the 
leaching away by the water of any acid oxidation 
products of the sulphur and phosphorus, which 
remain in situ in the aerial tests and stimulate 
corrosion. 

The addition of copper or nickel to steel in every 
one of the fresh water tests improved the resist- 
ance to corrosion, as in the case of the aerial tests. 
Typical examples are shown in the following 
table :— 


TABLE IV.—Effects of Copper and Nickel. 
Losses in grammes. 
Five years. Ten years. Fifteen years. 
F (carbon steel) ... 206 319 515 
G (0°635 per cent. 
Cu) eee icangt' 242 392 
H (2-185 per cent. 
Cu eee 239 350 
K (3-75 per cent. 
(Pe a 132 248 


The chromium steel J and the 36 per cent. 
nickel steel L resisted corrosion remarkably well, 
and there was little, if anything, to choose between 
the two metals. 


EXPOSURE ALTERNATELY TO SEA AIR AND TO 
WETTING BY SEA WATER OR SPRAY 


As already mentioned, the sea air and spray 
tests at Colombo were grouped for the purpose of 
consideration with the half-tide tests at Auckland, 
Halifax, and Plymouth. The total losses in weight 
suffered by each set of bars are summarised in the 
following table, the cast irons and chromium steel 
being omitted. At Plymouth the losses are roughly 
proportional to the period of exposure, the almost 
entire absence of shelly fauna and vegetable 
matter contributing to this regularity. 

At Colombo, after an initial, somewhat rapid 
rise, the losses are again practically linear with the 
time. At Auckland the fifteen-year bars lost no more 
in weight than the ten-year bars, and very much 
less than the corresonding bars at the other three 
stations. This is attributable to the thick accumu- 
lation of barnacles on the bars, which would exert 
a mechanical protective action. The bars lost 
less in weight than those in the corresponding sets 
exposed to sea air corrosion’ at the same station, 
and they were in general more evenly corroded, 
the edges in particular being better preserved. 


TaBLe V.—Total Losses in Weight of Bars at Each Station. 





























Halifax. | Auckland.| Plymouth} Colombo. 
Period of 
exposure. Loss, Loss, Loss. Loss, 
grammes.) grammes.| grammes.) grammes. 
Five years 2,958 1,691 3,950 17,181 
Ten years... 4,258 2,562 7,397 27,776 
Fifteen years... 9,335 2,559 11,781 37,222 
Total 16,551 6,812 23,128 82,179 





In this series of tests the results tabulated show 


to the ingot iron M. All twelve bars of Low Moor 
iron N, however, were markedly superior to both 
P and M. 

As regards the mild steels, in one case only, 
namely, the ten-year bars at Halifax, did the Low 
Moor iron lose more in weight than bars A and C. 
Every one of the remaining eleven bars of iron N 
lost less in weight than the corresponding steels. 
On the average, the Low Moor iron suffered only 
about 80 per cent. of the corrosion experienced by 
the mild steels. 

The influence of scale in this series of tests, as 
well as the effect of sulphur and phosphorus and 
alloy additions on corrosion, follow in general the 
trends noted in the sea air series of tests. 

The addition of copper proved beneficial in every 
test at Halifax and Auckland, and in some of the 
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Colombo tests. 
negligible. 


At Plymouth the effect was 


Continuous IMMERSION IN SEA: WATER 


This series of tests includes the specimens 
exposed at half-tide level at Colombo, which were 
continuously wet with sea water or spray. 

The variations in the losses in weight experienced 
by the different metals are of the same order as in 
the alternate wet and dry tests, and appreciably 
less than in the sea air tests. In other words, the 
steels behaved more alike in contact with sea water 
than in air. 

In every case the best: bar was the high-nickel 
steel L, a large gap separating it from the 3-75 per 
cent. nickel steel K. Steel A was on the whole the 
worst of the cleaned metals, and Low Moor iron N 
the best. Medium carbon steel E was usually the 
worst of the steels exposed with scale. With the 
exception of the ingot iron M, the order of the 


wet and dry tests; the order of the bars exposed 
with scale is somewhat different, except that 
K and L proved the best two in both cases. 
Except at Colombo (complete immersion), the 
ratios show no tendency to fall as the period of 
exposure increased ; that is, the bars behaved 


fairly consistently throughout. The high-nickel 
steel was in every case the best, whilst the ingot 
iron M or the mild steel A, C, or E was the worst. 

On the whole, the cleaned steels A and C lost a 
few per cent. more in weight than the same steels 
E and F respectively exposed with adherent scale. 
The difference was most pronounced for both A 
and C at Plymouth and for A at Auckland. There 
was a wide difference, however, in the appearance 
of the cleaned and uncleaned bars. The former 
were much more evenly corroded, whereas. the 
latter were deeply pitted and notched. 

The advantage of removing the scale before 
exposure is obvious, for even if it entails a slightly 
larger loss in weight, this loss is more evenly dis- 
tributed over the whole exposed area, and the 
tendency to severe localised corrosion is reduced. 

In striking contrast to the aerial tests, steel B, 
high in sulphur and phosphorus, was usually one 
of the best carbon steels exposed with scale, whilst 
medium carbon steel E, containing least sulphur 
and phosphorus, proved one of the worst. 

The addition of 0-635 per cent. of copper in 
steel G proved slightly beneficial in fourteen out of 
fifteen bars. Increasing the amount of copper to 
2-185 per cent. not merely failed to improve the 
result, but produced a metal generally inferior to 
G, except at Plymouth, where bars G and H 
corroded on the aver. ge very much alike. At 
Halifax and Colombo (half-tide) steel H corroded 
even more than the non-copper steel F, whilst at 
Auckland and Colombo (complete immersion) steel 
H lost intermediately in weight: between F and G. 
The reason for the inferiority of steel H appears 
to be as follows :—The solubility of copper in iron 
at 600 deg. Cent. is approximately 0-4 per cent. 
Probably at the ordinary “temperature it is not 
very different from this. »Any excess of copper 
above this amount will tend to separate out and to 
form centres for electrolytic corrosion of the iron 
under suitable conditions, in much the same way 
as has been found for mill scale. Steel G, con- 
taining 0-635 per cent. of copper, has therefore 
approximately the optimum amount of this metal, 
whilst steel H, with 2-185 per cent. of copper, has 
a very considerable excess, and may therefore be 
expected to exhibit greater electrolytic corrosion. 


COMPARISON OF THE RESULTS 


The report concludes with a section in which a 
comparison is made of the various results obtained 
with different conditions of exposure. The various 
mean orders of merit assigned to the irons and steel 
show marked differences. In every case the high- 
nickel steel L proved the best metal, closely 
followed by the chromium stéel J in the sea air 
and fresh water tests. The next best metal is the 
nickel steel K. But the positions of the remaining 
metals fluctuated widely, and this indicates that 
amongst the ordinary commercial steels no one 
metal has proved best under all conditions. This 
is clearly shown in Fig. 1. To strike an average 
for all types of exposure would give very wrong 
impressions. Thus, when exposed to air, Low Moor 
iron proved inferior to mild steel, but in sea water 
the reverse was the case. Averaging makes the 
two metals about equal. It is very important 
therefore in choosing a metal to withstand corro- 
sion to take into consideration the nature of the 
corroding influences. A comparison of the more 
important results obtained in this respect has been 
drawn up in Table VI. 

In Fig. 2 are collected together the results 
obtained with what may be termed the ordinary 
commercial metals used in these tests. The curves 
illustrate their relative corrodibilities when exposed 
to sea air, alternately to sea air and to wetting 
by sea water and spray, and, finally, to continuous 
wetting by sea water and by fresh water. The 
cast irons have not been included for reasons 
already given. Steels B, H, J, and L have also 
been, omitted for the following reasons. The high 
sulphur and phosphorus contents of steel B are 
known to render that metal unsuitable com- 
mercially, so that it is not manufactured ordinarily 
and is unlikely to be used. Steel H, containing 
appreciably more copper than is customary, 
behaved in general similarly to the 0-635 per cent. 
copper steel G. It hardly merits separate con- 
sideration. Steels J and L, high in chromium and 
nickel respectively, are too expensive for general 
use. Eight metals are thus left, two of which were 








in general that the Swedish iron P was superior 





cleaned bars is the same as that.in the alternate 


exposed both cleaned and with adherent scale. 
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There are therefore ten specimens in each set. 

The losses in weight shown in Fig. 2 are expressed 
as percentages of the total losses in each set. It is 
necessary to show the data in this way, for no 


any particular conditions. The results vary so 
much amongst themselves that general compara- 
tive corrodibilities can alone be given. 

The report is accompanied by numerous tables 


TABLE VI.—Comparison of Results under Different T'ypes of Exposure. 


Sea air. | 


Alternately wet with Continuously wet 














Fresh water. sea water or spray with 
and dry. sea water. 
Characteristic type of ’ Pockmarked Vermiform on cleaned Pitting, particularly on| Pitting, particularly on 
corrosion bars bars with scale bars with scale 
Wrought iron versus mild) Steel superior to wrought} Low Moor iron and} Low Moor iron superior) Low Moor iron superior 


stee and ingot irons 


steel equal 


to mild steel to mild steel 





‘ Cleaned steels lost less i in 
weight and were less 
deeply pitted 





Effect of scale 


Best results when 8 ond 
> low 


Sulphur and ‘phosphorus 
contents 


Cleaned steels lost more 
in weight but were 
less deeply pitted 


Best results whee 8 and 
P low, but effect less 
pronounced than in 
aerial tests 


j ‘Cleaned steels lost only 
slightly more in 
weight and were less 
deeply pitted 


As in fresh water... 





Best results when S and 
P low, but effect even 
less pronounced than 
in fresh water 


Apparently little influ- 
ence 





Very beneficial, effect 
increasing with the 


copper content 


Addition of copper 


cent. 


3- 15 per “cent. 


Ni su- 


Addition of nickel 


sure 


Excellent resistance to 








Addition | of ‘13- 5 per 


Very beneficial, 
per cent. 
as good as 2-185 per 


3°75 per cent. 


Excellent resistance tc to 


0-635 per cent. Cu 
slightly beneficial, 
2-185 per cent. Cu 
somewhat less so 


0-635) 
Cu almost 


Beneficial, 0-635 per 
and 2-185 per cent. 
Cu much the same 





3-75 per cent. Ni bene- 


Ni su- 





-75 per cent. Ni slight- 


perior even to 2 per| perior even to 2 per| ficial, usually more so! ve beneficial, and 
cent. Cu cent. Cu than Cu slightly superior to Cu 

36 per cent. Ni steel) 36 per cent. Ni steel] 36 per cent. Ni steel] 36 per cent. Ni steel 
almost perfect even offered excellent re-| the best metal in the! the best metal in the 
after 15-year expo- sistance set set 








Subject _ to severe local-| Subject to severe local- 





eent. of chromium corrosion. Almost corrosion, equal to ised corrosion which ised corrosion which 
perfect after 15-year 36 per cent. Ni steel virtually destroys the virtually destroys the 
exposure. Equal to metal metal 
36 per cent. Ni steel 
Behaviour of cast irons.. :E xe ellent resistance | to| Undergoes’ graphitisa-| Undergoes graphitisa-| U Indergoes graphitiea- 
corrosion. Cold blast tion tion tion 


metal superior to hot. 
No graphitisation 











general conclusions appear to be possible about 
the absolute losses in weight that the metals would 
undergo in a given period at any one station under 





and diagrams and contains also a series of photo- 
graphs of typical specimens after fifteen years’ 
exposure. 








Grand Coulee Dam 


No. 


ORK on the Grand Coulee dam, on the 
Columbia River in the State of Washington, 

was started in 1934, and is now so far advanced 
that only a relatively small volume of concrete 
remains to be poured to finish the body of the dam 
and bring its crest line to its ultimate height of 
553ft. above bedrock. This dam illustrated on 
page 206 was described in Tor ENGINEER during 
February of 1938, and is the major feature of 
what is known as the Columbia Basin Project. 
The object of the dam is two-fold—to impound the 
waters of the Columbia River for a distance up- 
stream of 15] miles to the Canadian border, and 
to use the stored water to generate hydro-electric 





I 


energy. That energy, in its turn, will be employed 
to pump a large volume of the impounded water 
up over the western wall of the mountainous 
canyon to a short canal that is to discharge into 
the vast balancing basin, to be created in the 
Grand Coulee, and from there distributed through 
canals, yet to be dug, to 1,200,000 acres of lands 
in the Columbia Basin that can thus be made pro- 
ductive. Electric current not needed to drive the 
pumps that are to lift water from the 151-mile 
pool to the Grand Coulee is to be sold to the public 
for diversified services. 

Construction of the Grand Coulee dam has been 
carried forward under two major contracts. The 





first contract, which was awarded the Mason- 
Walsh-Atkinson-Kier Company in June of 1934, 
was changed about a year later, and required that 
group of experienced constructors to build a dam, 
177ft. high, which would actually constitute the 
foundation section of the dam that is now’close to 
completion. The modified contract was a many- 
sided one, inasmuch as it included the excavating 
of a total of more than 22,000,000 cubic: yards of 
earth and rock, the building of extensive and diffi- 
cult cofferdams to control the river’s flow, and the 
placing of about 4,450,000 cubic yards of concrete 
in the body of the dam and in certain contiguous 
structures. The contractor was allowed a period of 
1650 days in which to do his work after notice to 
proceed. The article printed in our pages was 
written when the Mason-Walsh-Atkinson-Kier 
Company was nearing the conclusion of its labours, 
virtually a year sooner than scheduled. Realising 
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SECTION OF GRAND COULEE DAM 


that the first stage of rearing the Grand Coulee 
dam would be ended, the Department of the 
Interior through the Bureau of Reclamation asked 
for bids on the second stage, which would carry 
the dam up to its maximum designed height. 
There were but two tenders submitted in response, 
and the contract was awarded on January 28th, 
1938, to the Interior Construction Company, of 
Oakland, California, on its proposal to-do the 
required work for 34,442,240 dollars. The name 
of that concern was subsequently changed to 
Consolidated Builders, Inc. The company is 
made up of the Mason-Walsh-Atkinson-Kier 
organisation, the Six Companies, Inc. (the builder 
of the Boulder dam), and the General Construction 
Company, of Seattle, Washington. All these 
companies have had to do with big and varied 
jobs in the construction field, and brought their 
diversified experience and organisations to bear 
on the completion of the Grand Coulee dam. The 
Consolidated Builders, Inc., was obligated to start 
work within thirty days after notification, and 
required to complete the work involved within 
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four years. It is now manifest that the contract 
will be fulfilled some months sooner than specified. 
The contract held by the Consolidated Builders, 
Inc., covers in the main the preparation of concrete 
and placing it in the dam—the volume amounting 
to approximately 5,250,000 cubic yards. By 
reason of the incorporation of the Mason-Walsh- 
Atkinson-Kier Company in Consolidated Builders, 
Inc., the new and enlarged organisation was 
enabled to make use immediately of all the 
facilities on the spot for the production, transport- 
ing, and placing of concrete with dispatch. 

In equipping itself to make and to handle con- 
crete under its modified contract, the Mason- 
Walsh-Atkinson-Kier Company established a con- 
crete-mixing plant on each side of the river. The 
western plant was near the terminal of the Govern- 
ment-built railway constructed to deliver materials 
and equipment through a connection with a trans- 
continental trunk line, and bulk cement was 
delivered to silos of large capacity and transported 
therefrom by pneumatic pipe lines to both the 
western and the eastern concrete-mixing plants. 
Aggregates were prepared on the eastern side of 
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DIAGRAM OF DAM, PUMPING PLANT AND CANAL TO GRAND COULEE, 


the river and moved ‘ty an unusually long con- 
veyor system to storage, from which they were 
carried by other conveyors to the eastern and 
western concrete-mixing plants. The conveyor to 
the western plant travelled over a suspension 
bridge that spanned the river downstream from 
the dam site. The two concrete-mixing plants 
were situated where they would best meet the con- 
ditions imposed. during construction of the initial 
stage of the dam in two independent sections, one 
on each side of the river, so as to leave an open 
channelway for the stream. During that stage 
of the work the dam site was spanned from east to 
west by two construction trestles—a low one and 
« high one—each of which was surmounted by a 
wide deck on which were laid railway tracks of 
standard gauge for the concrete trains and the 
outlying and parallel narrow-gauge tracks for the 
straddling travelling cranes, that had, in the cases 
of the hammer-head cranes on the upper trestle, 
a reach of 165ft. on each side, transverse to the 
axis of the dam. Concrete was moved from either 
of the mixing plants on flat cars large enough to 
carry four bottom-dump buckets, each of 4 cubic 
yard capacity. The cars were moved by diesel- 
electric locomotives. 

Each of the two concrete mixing plants as used 
by the Mason-Walsh-Atkinson-Kier Company was 
equipped with five pneumatically operated and 
electrically interlocked batchers built by the 
C. 8. Johnson Company, and the batchers supplied 
the four 4-yard mixers, the arrangement being 
such that the batchers could deliver any one of 
five different batches required for concrete in the 
various sections of the dam. 

In carrying out the new programme of work, 
Consolidated Builders, Inc., shifted the west 
concrete mixing plant and reassembled it in contact 
with the east concrete mixing plant. This placed 
both plants near the aggregate stock piles and 
obviated the transporting of aggregates across 
the river. Cement was still received at the railway 
terminal on the west slope of the canyon, and 
blown from the storage silos through a pipe 1lin. 
in diameter a distance of more than 4000ft. 
by the Flexo cement pumps installed by the 
Mason-Walsh-Atkinson-Kier Company for the 
earlier contract. The assembling of eight 4-yard 
mixers in a single building contributed to increased 
operating efficiency, and made it possible gradually 
to step up the daily output of concrete. and its 
placing. In May of 1939 the combined concrete 
mixing plant produced in the course of a single day 
20,684 cubic yards of concrete—equivalent to 
29 tons of concrete every minute—and that 
concrete was placed in the dam during a working 












day of three shifts, an extensive installation of 
flood and other electric lights making work possible 
throughout the dark hours. 

A high steel: trestle with working deck, along 
the main axis of the dam, served Consolidated 
Builders, Inc., until the crest elevation of the two 
flanking abutments and nearly all of the central 
spillway had been poured. Most of the steelwork 
of the trestles was embedded in the rising blocks 
of concrete. The deck was wide enough to accom- 
modate four railway tracks and hammerhead 
cranes were used in spotting the loaded concrete 
buckets. Later, a trestle and deck on the down- 
stream side of the dam, placed at a convenient 
elevation, has served for travelling cranes, concrete 
trains, and other traffic in connection with the 
handling of materials and equipment going into 
the structure nearing completion. When cold 
weather called a halt on concrete pouring last 
December, the dam contained a total of 10,453,000 
cubic yards of concrete, or more than three times 
the concrete placed in the Boulder dam. This 
spring, when concrete pouring was resumed, the 
work consisted essentially of putting the finishing 
touches on the dam and 
the west power-house. 
The east power-house will 
not be built until some 
time in the future when 
additional generators will 
be required to meet an 
increased demand for 
hydro-electric energy. 

The Grand Coulee dam 
is built, as was the 
Boulder dam, in a succes- 
sion of concrete columns 
generally 50ft. square in 
plan, poured, in  5ft. 
lifts at intervals of not 
less than seventy-two 
hours. This work was 
done at alternate blocks 
so as to leave temporarily intervening gaps to 
be filled a little later. Keyways were moulded 
on the exposed surfaces of each block—vertical 
keyways on transverse faces and horizontal ones 
on longitudinal faces—thus interlocking con- 
tiguous columns when poured. Both low-heat 
cement and modified Portland cement have been 
used in constructing the dam. Even so, an extensive 
system of thin-walled piping, through which 
cold water from the river could be circulated, was 
embedded in the concrete when poured to extract 
the heat generated by chemical reaction. During 
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PLACING CLOSURE GATE 
warm months of each year, the temperature of 
the river water was further lowered by running 
it, through a large air-cooled timber cooling tower, 
erected on an elevated shoulder on the east side 
of the canyon where rapid evaporation could be 
counted upon to reduce the temperature of the 
water a number of degrees. When the concrete 
blocks had shrunk to their final dimensions, 
grout was forced into the cooling system and into 
all contraction joints, thus binding together all 
the structural blocks so as to transform the dam 
into a monolithic mass. 

The abutment: sections of the dam were raised 





well above the high-water stage of the river under 
the first contract, and the 1650ft. intervening 
spillway section of the dam was raised only a 
moderate height above the surface of the river, 
and alternate blocks of the spillway section were 
left low so as to provide ample passages for the 
river when the stream was above its lowest stage. 
To raise the spillway section afterwards to its 
final crest line, the gaps were progressively closed 
to the river and filled with concrete. This work 
was done before and after the annual flood flow 
which occurs during June and July with the crest 
in the latter part of each June. As the spillway 
was built higher, some of the river water still 
passed over spillway openings as the pool above 
the dam rose, while considerable volumes of water 
escaped through the 8}ft. outlet tunnels that 
pierce the spillway section for normal river control 
when water will not be passing over the spillway. 

During the gradual raising of the longitudinally 
alternate blocks of the spillway section, Con- 
solidated Builders, Inc., made use of closure gates 
of its own design which were employed temporarily 
to divert the flow of the river from certain of the 
passageways to other openings along the spillway. 
Each opening was 50ft. wide, and the water level 
at the upstream end of the passage was always 
above the bottom of the gap, while the level of 
the river immediately downstream of the gap 
was lower than the bottom of the sluice. This 
was a resultant of considerable difference in head 
that developed at these openings. Therefore, to 
unwater one of these areas to pour a lift of concrete 
it was necessary only to seal the upstream end, 
and the closure gates, which could be used 
repeatedly, were designed to satisfy these condi- 
tions. Eight closure gates were built for the 
service as well as nine gate frames. The gate 
frames were the mediums by which the gates 
were secured to the bullnoses or faces of the 
alternate upstream ends of the flanking concrete 
sections of the spillway, and the ninth frame was 
an extra that could be arranged in readiness for 
the shifting of any of the eight closure gates, 
when all those gates were in use. 

Each gate frame was formed of two heavy steel 
H columns as vertical side members, with a box 
girders connecting the lower ends of the columns 
and a removable lattice truss holding them together 
at their tops. A dressed timber filler on one flange 
of each column was provided to make contact 
with the concrete of the neighbouring blocks. The 
gate frame was suspended in place by brackets 
that hooked over anchor bolts set vertically in the 
corners of the two concrete blocks flanking the 
low gap. The weight of the frame and the force 
of the current kept the frame in place without the 
means of other fastenings. 

The closure gates were each 35ft. high and 
slightly more than 52ft. wide. The gate was made 
up of nine horizontal plate girders about 3ft. deep 
at the ends and 5ft. deep about 15ft. each way 
from the middle. Side girders and a steel plate 
cover on the flat downstream face completed the 
main structure. Along the outer vertical edge, at 
each side, on the downstream face of a gate, was 
a row of twenty steel rollers, 16in. in diameter and 
about 6in. wide. Those rollers ran on steel roller 
guides on a gate frame, and made it possible to 
move the gate up and down while under hydraulic 
pressure. In the lower part of each gate there was 
a closed chamber, about 5ft. high, which served the 
two-fold purpose of adding weight when flooded or 
exerting buoyancy when blown out. Valves were 
provided for admitting or expelling the water. 
Also, water could be admitted through the gate 
to equalise the pressure on the two sides of the 
structure when the gate was to be removed from a 
closed channelway. Each gate weighed 70 tons, 
and was handled for placing or removal by a hoist 
barge equipped with an A frame at one end. When 
seated in place, the gate rested upon the box sill 
at the bottom of the gate frame, where a water- 
tight connection was made by a rubber gasket 
attached to the bottom of the gate, and vertical 
strips of fin. belt at each side of the gate made a 
seal, under water pressure, with the gate frame. 
When a gate was secured the lattice truss at the 
tops of the two side columns of the gate frame were 
removed to provide necessary room for the con- 
crete forms for the upstream face of the new block 
that was to be poured. The concrete was placed 
after the water had drained from the closed 
passageway and all surfaces had been cleaned to 
assure the making of a satisfactory bond with 
the fresh concrete. Any water seeping in 
around the gate and frame was promptly pumped 


out. 
(To be continued) 
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Munitions Labour Supply Organi- 
sation* 
By W. H. DENHOLM, A.M.I. Mech. E.+ 


tr is well known that the war effort created such a 
demand for skilled labour that, at first glance, any 
attempt to meet it appeared vain. The change-over 
in production created a huge demand for machine 
tools and large quantities of accurate gauges, jigs 
and tools; and this extra load on the equipment 
manufacturers naturally increased the demand for 
the highest grade of skilled labour. Skilled engineers 
are also required for the maintenance of the equip- 
ment of the Mechanised Forces, and this demand will 
increase as the equipment increases. 

The first objective therefore is to distribute the 
available skilled labour to the best advantage through- 
out the engineering industry, and in this connection 
the Ministry of Labour and National Service has been 
entrusted by Parliament with very wide powers to 
establish an organisation having a special application 
to engineering for the purpose. 

The principal basis of the organisation is provided 
by the Employment Exchange service, but this has 
been supplemented by :— 

(1) Inspectors of Labour Supply, and 

(2) Labour Supply Committees. 

The author will endeavour to explain the functions 
of these two departments. 

[NSPECTORATE 

The Inspectors of Labour Supply, better known as 
the Inspectorate, act as the direct contact between 
the labour supply organisation and the factories. 
Their primary purpose is to ensure the efficient use 
and distribution of labour in essential industries. 

In Scotland the inspectors are located in the prin- 
cipal towns, such as Inverness, Aberdeen, Dundee and 
Edinburgh, with a head office at Glasgow. Most of 
the inspectors are allocated to definite areas, and they 
operate in close co-operation with the Employment 
Exchange in each area. 

Specialist inspectors are included, to specialise on 
large organisations, for instance, as transport 
inspectors, to deal with all corporations, railways, and 
so on. Co-operative and insurance societies and 
collieries are also covered. Training in technical 
colleges has its specialised group, and, last but not 
least, trade union inspectors are included to lubricate 
the machinery of dilution, &c. 

All these officers are men of considerable and wide 
experience in engineering production and manage- 
ment, and their principal duties are :— 

(1) To examine demands for labour made by indi- 
vidual firms, and to determine whether they are 
justified in the light of the work to be undertaken. 

(2) In respect of demands for skilled labour, to 
determine to what extent the firm concerned can 
meet its own need by :— 

(a) Redistribution of skilled workers already in 

its employment. , 

(b) Upgrading of semi-skilled workers. 
(c) Sub-division of processes and to adjust the 
firm’s demands accordingly. 

(3) To inspect firms which employ skilled labour 
to determine to what extent such labour can be 
released. 

(4) To stimulate training by employers in their 
workshops, and by the full use of local facilities in 
technical institutes, &c. 

(5) To investigate, when required, alleged infringe- 
ment of the Undertakings (Restriction on Engage- 
ment) Order. ; 

(6) To investigate, when required, departures from 
trade practices notified under the Conditions of 
Employment and National Arbitration Order, 1940. 
In addition, inspectors may be required in the course 
of their investigations to undertake special inquiries, 
such as the work performed by particular men whose 
calling-up for military service has been deferred or 
who are stated to be reserved by the Schedule of 
Reserved Occupations. 

The complex nature of the investigations which 
have to be undertaken leave much to the initiative 
and common sense of the inspector concerned, and 
his value to the department depends largely on the 
manner and extent to which he exercises these powers. 
Investigations must be conducted with tact, and so 
far as possible the inspector’s aim is to secure the 
agreement of the firms inspected to any changes. 

Regarding the transfer of labour, in all cases where 
an inspector believes that labour can be released from 
a firm, the matter is discussed with the management 
concerned in the release. Failure to reach agreement 
is referred to the Labour Supply Committee for further 
discussion and action to be taken as necessary. It is 
important that, immediately agreement is reached 
between inspectors and management, the local 
Exchange manager should be given full particulars 
so that transfer can be effected. Certain excepted key 
occupations are reported back to head office so that 
the Supply Committee can place them to the best 
advantage through the appropriate Employment 
Exchange. 

Each inspector is provided with an identification 
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and admission card which carries with it very strong 
powers enabling him to enter and inspect any pre- 
mises used for or in connection with any undertaking ; 
to inspect the books, records, and other documents 
relating to the undertaking ; and to demand such 
information relating to the undertaking as may be 
required for any of the purposes aforesaid. 


LaBouR SuPPLY COMMITTEES 

Labour Supply Committees have been established 
in the more important areas from the point of view 
of war production in Scotland, such as Glasgow, 
Edinburgh and Dundee. These Committees are 
responsible to the Divisional Controller and work in 
conjunction with the local Exchanges and the 
Inspectorate. The Committees consist of a chief 
labour supply officer, other labour supply officers, 
varying in number, and a local welfare officer. 

These Committees deal with the general field of 
labour supply in their respective areas, except that 
they are not concerned with dock labour supply. 
Their main duties are :— 

(1) To survey the labour position in their area in 
relation to the directions received from headquarters 
or area boards in order to assess the relative urgency 
of demands for labour. 

(2) To secure the best use of skilled labour by 
arranging through the Employment Exchange 
machinery for the transfer of workers from one factory 
to another as required, and by securing the employ- 
ment of additional unskilled labour, including women. 

(3) To stimulate arrangements for welfare, includ- 
ing lodging accommodation and billeting, by approach 
to local authorities, voluntary organisations, and 
other local bodies. 

(4) To stimulate training of workpeople, by 
ensuring that full use is made of facilities available in 
the area for that purpose. 

To correlate the functions of both Inspectorate and 
Labour Supply Committees, let us take an engineering 
illustration. When a firm requires workers they place 
their demands in the hands of the local Exchange, 
when the demand will, if possible, be supplied for 
work of national importance. Consideration, of 
course, is given to the urgency of these demands. If 
it is not possible to fill the vacancy from unemployed 
workers on the local register or from employed workers 
on the register who are not engaged on essential work, 
immediate approach is made to Group Clearing Area 
or Area Clearing House, or again, the demand is 
circulated in the other Exchanges. 

If the local officer considers that the vacancies are 
too urgent to permit of circulation the manager must 
report to the chief labour supply officer for the area 
concerned, in order that the matter may be considered 
by the Supply Committee ; and full particulars are 
given of previous action taken to meet the demand, 
The Supply Committee after consideration may pass 
the case to the Chief Divisional Inspector to arrange 
for full inspection. The inspector then reports 
whether it is necessary to fill the demand or not, and 
the Committee takes the appropriate action to meet 
the demand, notifies the firm what action they must 
take to meet it themselves, or arranges for transfer 
from other sources of supply, such as a pool formed by 
previous inspection of other factories. Where agree- 
ment cannot be reached between Committee and firm 
the case is reported to the Divisional Controller at 
head office for decision and action. 

Employment of Women.—It is generally accepted 
that women can be employed with advantage on 
machine and bench work, of a repetitive nature, such 
as shells, hand grenades, and the like, and the 
employers can do a great deal towards the successful 
employment of women by reducing the fatigue factor 
to a minimum. Where women are employed it is 
the unanimous opinion of all employers that this 
type of labour is giving the greatest possible satis- 
faction. They are not affected by monotonous 
repetition, keep to their work all the time, and there 
are very few instances of trouble in the shops. The 
field of work covered ranges from menial labouring, 
crane driving, and storekeeping to the skilled require- 
ments of optical grinding, and inspecting to fine limits. 
There appears to be no end to the work women can 
do. In Scotland there are nearly 12,000 women in 
industry and more are being added each month. 


TRAINING 

The Government have established numerous train- 
ing centres throughout the country, giving a course 
lasting from four to six months according to the ability 
of the individual. 

Machine operating is taught on centre, capstan, and 
turret lathes, milling machines, grinding machines, 
&e. An excellent training is aiso given in fitting, 
instrument making, sheet metal work, and welding. 
The trainees are drawn in the main from non-essential 
occupations. They include clerks, travellers and other 
black-coated workers, and arrangements are com- 
pleted for filling all places at these establishments 
with women as far as possible. Where it is necessary 
for the trainee to live away from home the Ministry 
pays weekly allowances, which vary according to age. 
Instructors for these establishments are required 
and managements must consider the advisability of 
releasing certain highly skilled types of men who are 
capable of imparting to others the knowledge necessary 
to equip the trainees to take their place in industry. 
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Training in Technical Colleges.—In Scotland within 


of training—The Royal Technical College, Glasgow ; 
Coatbridge Technical College; Ramsay Technical 
College, Edinburgh; and St. Andrew’s School, 
Aberdeen. The training given at these colleges is of 
an intensive nature and lasts for a period of eight to 
ten weeks. By permission and co-operation of the 
various educational authorities, committees, governors 
and directors, machines were removed from certain 
schools, and centralised at the colleges mentioned. 
A number of firms have very kindly given machines 
on loan to the colleges for the purpose of training. 
Arrangements have been completed to treble shift the 
colleges, and it is expected that the next batch will 
number about 750 trainees per period of eight weeks. 
It will be seen, therefore, that the estimated annual 
output of these colleges will be in the region of 4500 
persons per annum, rising to 10,000 as the scheme 
develops and further machine tools become available 
for new centres. 

Auxiliary Training.—Progress is now being made 
with the training in factories of workers who 
will become available for transfer elsewhere, and this 
will be one of the major sources of partially trained 
labour for the additional factories which are now near- 
ing completion. It is to be noted that before any 
establishment is approved for auxiliary training, the 
firm must have already in operation a system of up- 
grading or training to meet their own requirements. 
Under this scheme the trainees receive an allow- 
ance from the Ministry during training and the 
employer is reimbursed the cost of any addi- 
tional remuneration paid to those members of his 
personnel who are selected to give instruction. 

Higher Grade Training : Apprentices.—One ot the 
major problems of labour supply is the staffing of 
new tool-rooms, as the very highly skilled craftsman 
required has always been difficult to obtain, even in 
normal times. The shortage of tool-room workers 
and machine setters forms a most serious bottle- 
neck in wartime engineering, and the Ministry desires 
to take this opportunity of emphasising that if 
factories, new and old, are to be fully manned 
throughout the twenty-four hours of the day, a con- 
siderable increase in the number of these men is 
imperative. Established methods of production will 
require to be altered to meet the urgent need for 
economy in this class of labour. 

It is felt that the quickest way to overcome this 
bottle-neck is to withdraw from industry for a period 
of eight weeks, apprentices with not less than four 
years’ training and give them an intensive course in 
a technical college on precision measurements, inter- 
pretation of drawings, gauge making, and all other 
details connected with tool-room work... As these 
youths already have the necessary groundwork, it 
is considered that their reaction will be very rapid, 
and at the end of eight weeks any average apprentice 
fitter will be fully qualified to fill one of the many 
gaps in tool-rooms which are so important to our 
productive effort. 

Under the scheme, as outlined, the employer will 
continue to pay the apprentice his normal wage during 
the training period and the Ministry will pay the 
technical college an adequate rate per student hour 
for the training given. 


PRIORITY 


It will be obvious that from a priority point of 
view, skilled men must be taken without delay, and 
drafted to the most important work. This should be 
done as far as possible locally, as disturbance of 
homes and waste of time in travelling, &c., is to be 
avoided. Firms employing skilled mer on non- 
essential work must offer their services immediately. 


RESTRICTION ON ENGAGEMENT ORDER 


Regarding the Restriction on Engagement Order. 
it is not generally understood that a man can leave 
his firm and can ask for his books (which may be 
deposited with the exchange by the firm if they want 
the man to remain), but the minute he becomes un- 
employed—and he is deemed to be unemployed when 
he has left his firm—the State takes action and decides 
what work he will do, and what firm he will work for. 
(This Order is under review at time of going to press.) 


AREA BoaRDs 


Under the scheme for the establishment of Area 
Organisation for Munitions Supply, Area Boards 
have been set up throughout the country to assist 
in the development of industrial production for war 
purposes. Generally speaking, an Area Board is 
composed of an area officer of the Ministry of Supply, 
a senior representative of the Admiralty, a senior 
representative of the Air Ministry, the Divisional 
Controller of the Ministry of Labour and National 
Service for the area, a Board of Trade representative, 
and prominent employers and trade unionists. The 
functions of the Area Boards are :— 

(1) To secure the rapid, effectual, and continuous 
co-ordination of the efforts of all Government officials 
working in the area on the production of war stores. 

(2) To provide for the speedy exchange of informa- 
tion between Ministries and Service Departments. 

(3) To settle by agreement in so far as is possible 
all local difficulties likely to delay output. 

(4) To transmit proposals for the exploitation of 
additional capacity found in the area. 

(5) To advise on the adjustment of difficulties over 





the last six months four colleges have started a course 





priority of contracts. 
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“OTHER DEVICES” 


WHEN the moon was at the full a fortnight 
ago the night raiders met with a reception that 
must have astonished them. Instead of a 
customary one or two, no less than twenty- 
two were destroyed in two consecutive nights. 
Both our night fighters and our ground 
defences had several to their credit, and at 
least one was brought down by what the 
Air Ministry described as “other devices.” 
That was the first indication the people of this 
country had that after many months of preparation 
something was being achieved by those who are 
working on the defeat of the night raider. Hopes 
rose. It was believed that a reply had at last been 
found. But they were dashed a few nights later 
when in darkness violent raids were made on a 
series of ports with but little certain loss to the 
enemy. In the autumn we waited impatiently for 
the moon to wane; now we shall look anxiously 
for her waxing, being fairly confident that when 
she illuminates the sky the bombers will hesitate to 
attack us, whilst at the same time we shall be better 
able te reach the enemy who, for the moment at 
least, seems to have made less progress with 
‘* other devices ” than we have. 

Whilst disappointment at the failure to continue 
the successes of a few good nights is natural, it 
would, we have been able to satisfy ourselves, 
be wrong to imagine that the means of defence 
have been exhausted and that there is no hope 


as} we like something to get our teeth into. 





of destroying more than an occasional bomber 
without the help of the moon. Our principal 
hopes will be based on night fighters provided with 
new equipment ; but ‘‘ other devices ” will increase 
in number and possibly in variety as the weeks 
pass. Furthermore, it is at least conceivable 
that with the approach of the summer the shorter 
and lighter nights, even with no moon, will enable 
our ground defences to secure more hits. It must 
also never be forgotten that we know little or 
nothing of the birds that are winged but count 
only those that meet with destruction before our 
eyes. It is reasonable to suspect that many 
get home with bad scars and that many never 
get back at all, or, having got back, fail to make a 
good landing. To the balance in our favour 
must be added also the bombs dropped hurriedly 
and ineffectively by raiders harried by gun fire 
from the ground and fighters in the air. On all 
such matters as these the public requires reassur- 
ance. It does not ask for rosy promises of a quite 
impossible time when night bombing shall be 
wholly defeated, and no enemy will dare to cross 
our coast. But it may reasonably ask that it 
should be told something about the progress that 
is being made. Defence against night bombing 
is in the exceptional position that no one appears 
to be directly responsible for it. We trust the 
Admiralty and the Navy to deal with the surface 
and submarine raider, and the R.A.F. and the 
War Office to keep day raiders away. But 
provision of means, of defence against the 
night raider seems to be a divided respon- 
sibility. The Ministry of Aircraft Production 
has something to do with it, the Directorate 
of Scientific Research under the Ministry of 
Supply is much concerned with equipment 
and its design, whilst the War Office and 
the R.A.F. have much to say in the matter 
from the users’ point of view. We under- 
stand that the efforts of these bodies are 
co-ordinated under the highest authority, and 
that grave objections exist to the setting up of 
an ad hoc Council for Defence against Night Raiders 
to which the public could look and in which its 
confidence might be placed. We call attention 
to this fact not to press for the appointment of 
such a Council, but merely to point out that if it 
could profitably exist we should all be doubly 
reassured that a concentrated attack on the 
problem or problems was being made. That is 
perhaps no more than a little human weakness ; 
The 
Council might make no difference at all; it 
might not accelerate by one second the work that 
is being done; but the feeling that it was there, 
working as a living entity on one of the greatest 
problems of the war, would bring us comfort and 
confidence. 

That apart, we venture with all respect to make 
to the Prime Minister himself a suggestion which 
we hope may merit his consideration. There have 
been too many irresponsible and semi-responsible 
promises of what was shortly to be achieved 
against night bombing. The public’s spirits 
have been exalted by these promises only to be 
cast down when they were not realised. Is it too 
much to ask that the Prime Minister himself 
will explain to the people thé difficulties and limi- 
tations of the problem and will also tell them in 
what manner the problems are being attacked ? 
We do not ask, of course, for any revelation of the 
actual means and “ other devices ” that are being 
employed, but only for his assurance in quite 
general terms that progress has been made in 
detection and attack. The confidence which the 
people of Great Britain and the Empire place in 
Mr. Churchill, the high quality of his speeches, 
and the knowledge that he has from the first 
taken a direct and active personal interest in night 
raiding would give to his words a weight and 
ifmportance which those of no other man could 
command. He might have to tell us that rapid 
progress was not to be expected, that night bomb- 
ing could never be wholly prevented, and that we 
must “ stiffen the sinews, summon up the blood,’ 
and “ bend up every spirit to his full height ” to 
meet its continuation. But we believe he could 
also throw upon us a ray of hope. He could tell 
us a little about what has already been achieved 
in opposition to the night bomber. He could 





give us his own personal assurance that not by 
day nor by night did the search for means to 
harass and disconcert the raider abate, and that 
after months of effort something worth while had 
been accomplished. If lesser men told us these 
things we should still suffer the memory of dis- 
appointed hopes and discount them. If Mr. 
Churchill can himself give us but a few words of 
encouragement we shall accept them without 
reserve and thereafter bear with yet more cheerful 
hardihood the blows of the enemy. 


New Sources of Labour 

Ir is impossible accurately to assess the number 
of soldiers, sailors, airmen, and civilians, men, 
women, and children, who have been killed or 
mutilated through our failure to increase the 
production of munitions to the full extent of our 
great and growing resources. The total of these 
needless casualties is a heavy one; shall we call 
it 20,000, or 50,000, or even more ? Whatever the 
true figure may be the fact remains that the 
responsibility for these casualties rests on the 
Government, the employers, and the trade unions. 
None can escape a full share, and it is useless to 
attempt to lay the burden on other shoulders. 
The sins of the past (and they have been sins 
against the light) are beyond recall; but let us 
hope that there is still time for repentance and 
for amendment, though it is certain that to some 
extent useless slaughter will continue. 

The main excuse for lack of progress was 
shortage of labour. There was, indeed, a shortage 
of skilled labour ; but there were masses of avail- 
able unskilled labour, male and female, some of 
it unemployed, some of it engaged on jobs that 
did not matter, some of it among the ranks of 
those who normally had no need to work at all. 
But there was resistance to the employment of 
these willing workers, and although dilution was 
accepted in principle the opposition continued, and 
those who tried to get on with the job found them- 
selves swimming, not in water, but in dough 
with red tape entangling every limb. The Govern- 
ment for long and weary months and in spite of 
ample powers took no decided action and even 
maintained restrictions against the employment 
of young workers and women on night shifts 
and for the longer hours necessary in wartime. 
Meantime, skilled labour was not confined to 
skilled work alone, but was squandered on endless 


-|jobs which unskilled labour with the briefest 


training could perform as well and as quickly. 
Employers, with notable exceptions, were content 
to carry on with the traditions of peacetime 
and the fact that certain work had normally been 
done by skilled labour was accepted by many 
of them as a reason why it always should be done 
by skilled workers—war or no war. Trade unions, 
like the Government, accepted dilution in prin- 
ciple, but in innumerable instances fought against 
it in detail through many of their local organisa- 
tions, and even used their influence against the 
training of such labour in Government centres 
and in technical schools. When employers insisted 
on the introduction of unskilled labour local con- 
ferences were continually demanded, and at these 
conferences individual cases had to be thrashed 
out ad nauseam, and innumerable rules and 
regulations had to be complied with. Employers, 
being only human, were wearied and worn out 
by the endless meetings and the interminable 
discussions, till in many cases they were inclined 
to despair. And while all this was going on 
thousands of machine tools capable of great pro- 
duction were idle at night, and men and women 
were dying and suffering quite needlessly. So 
much for the past. Then came the great Govern- 
ment shuffle ; since that political event there has 
indeed been some progress and encouragement. 
The numbers of unemployed are greatly reduced ; 
opposition is far less active, but at the cost of 
increasing wages to a point which has brought 
us dangerously near to inflation. Even so, many 
machines still stand idle at night. We assume that 


’| by this time the Government knows the number of 
these idle machines and that it realises that the 
first step towards greater production is to get them 
working for all the hours there are. All machines 
engaged in production are already equipped with 
tools, jigs, and fixtures, while every new machine 
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calls for new equipment, which, with the great | brought to him. Furthermore, he. was hampered 
pressure on tool-making facilities, takes much’ in the later decades of his life by severe illness and 


time and much money to produce. Obviously, 
therefore, it is the right policy to use one machine 
continuously rather than to buy a second machine 
and to run them both on single shift. New 
machines must still be made and imported, in 
spite of the enormous increase in the cost of 
foreign machines ; but if the idle tools were fully 
employed the demands for further machines 
would proportionately diminish. And now at 
last we see a new ray of hope, for by releasing 
thousands of workers from the textile trades 
Mr. Bevin is tapping a new supply of labour of 
excellent quality and of great adaptability. 
These textile workers, men and women alike, are 
already partly trained. They are accustomed to 
factory conditions and to the keeping of regular 
working hours. They possess great deftness and 
manual dexterity and no small measure of intelli- 
gence and acuteness of perception. A great 
achievement on which Mr. Bevin deserves hearty 
congratulations. Perhaps if this new source of 
labour is wisely and quickly used it may mark 
the turning point in the world’s struggle and stem 
the needless waste of life. And how are we to 
use it wisely and well? First by quick training 
in Government centres, in technical schools, and, 
most important of all, in the thousands of engineer- 
ing workshops which are ready to absorb this 
labour. The Government Training Centres and 
technical schools have always made the mistake 
of giving courses which are much too lengthy, 
and their output of trained labour is in consequence 
far too small. It is not a question of trying to 
make these people into engineers, but of teaching 
them (and they can be taught in a few days) to 
perform certain simple repetition jobs, which in 
modern manufacturing conditions abound. In 
the workshops the necessary machines exist for 
training purposes; the tools, material, and the 
jobs are available. In no way can a learner be 
taught more quickly than by the operators with 
the supervision of the charge hands and of the 
foremen. In an incredibly short time learners of 
average ability will be doing the work and very 
soon some of them will in their turn prove willing 
teachers to other recruits, and thus will our labour 
supply grow like a snowball. Any lad or girl 
who can work a loom or knitting machine can 
work a simple machine tool, or do a repetition 
fitting job, if given the chance. Experience has 
shown that on suitable work they will find unlimited 
scope in gear-cutting, milling, drilling, capstan 
work, cylindrical and surface grinding, while the 
best of them, if given the opportunity, will tackle 
more exacting work in a way which will astonish 
the unbeliever, and besides they will release many 
operators who have the wish and ability (given 
the chance) to become setters-up and charge hands, 
and to take their places among the ranks of fully 
qualified skilled labour, of which the shortage still 
continues. 

Moses has struck the rock ; the springs of new 
labour are gushing forth. Let us insure that we 
use it quickly and without hesitation, and that 
no political or other considerations are allowed 
to dam the stream with endless regulations and 
obstructions. Nor must we permit it to run to 
waste among the arid sands of apathy and inertia. 
But let us not be unduly lifted up, for in April, 
1918, at the crisis of the last war, the total number 
of women engaged in work connected with the 
war was 1,265,000. This figure is taken from a 
Board of Trade report. It would be interesting 
to compare this achievement with the position 
to-day. 








Obituary 


J. G. A. RHODIN 


Joun RxopIn, who died last week at the age of 
seventy, was a chemist and physicist. He was a 
Scandinavian, but had lived and worked in this 
country for many years. His intellect was excep- 
tional. In certain respects a genius, he found it 


difficult to accommodate himself always to the 
common formule of life and in consequence had 
less success than his merits alone would have 





ultimately by an operation which robbed him of 
the use of one eye. 

On physical and physico-chemical subjects he 
was a writer of quite exceptional ability. He had 
not only an excellent command of the English 
language, but he had read widely and might be 
trusted to present his views clearly and frequently 
with a novel or daring turn. A good many articles 
from his pen may be found in back numbers of 
THE ENGINEER. Whilst regretting his death, we 
cannot but feel that it has released him from a 
burden which, despite all his courage, must have 
often seemed to him too hard to bear. 





FRANCIS EDWIN BROWN 


Ir is with great regret that we have to record the 
death at his home at Somerfield, Holmfirth, near 
Huddersfield, of Mr. Francis Edwin Brown, chair- 
man of David Brown and Sons (Huddersfield), 
Ltd., and its associated companies. Mr. Brown 
was sixty-seven years of age. He joined the com- 
pany, which was founded by his father in 1860, as 
an apprentice in January, 1889, and the business 
of David Brown and Sons in its present form was 
originated by him. 

He was a pioneer in the development of machine- 
cut gearing, which was a logical outcome of the 
first machine the company used for cutting teeth 
in the wooden gear patterns in which it at that 
time specialised. The next step was the adoption 
of the same machinery for cutting the teeth in 
mortice gears, in which hornbeam teeth were 
wedged into cast iron bodies and the teeth after- 
wards machine cut. 

Mr. Brown’s earlier experience covered the period 
when tooth shapes were determined on the drawing 
board and methods of generation were unknown. 
Experiments were at first based on cycloidal 
formations, and various rolling circles were used 
for different trains. A number of odontographic 
methods of tooth shape determination were 
employed and many special forms, such as “G” 
teeth, were tried, but it was in no small measure 
due to the efforts of Mr. Brown and his colleagues 
that standardisation was achieved. He early 
realised the possibility of cutting teeth in metal 
patterns, and then in the actual running gears. 
This development led to the acquisition of the site 
of the present Huddersfield works (Park Works) 
in 1900. In 1903 he prepared the first general gear 
catalogue issued by the company, which came to 
be regarded almost as a text-book on the subject. 

The wide use now made of worm gearing is, in 
no small measure, due to Mr. Brown’s initiative. 
In his early days such gearing was regarded as a 
means of obtaining a right-angle drive of high ratio, 
but of low efficiency, that was only used as a last 
resort. Experiments in the use of the correct 
materials and the parallel development of special 
machinery gave such successful results that Mr. 
Brown was able to establish worm gearing for the 
rear-axle drives of the London buses. Since then 
worm gearing has been accepted for all types of 
industrial and transport transmissions. Much 
research work was also done under his inspiration 
on helical gears and the plant for producing them, 
with the result that the firm was able to offer 
efficient ships’ main propulsion gearing simul- 
taneously with the adoption of steam turbines 
for marine work. 

In his determination to keep in the van of pro- 
gress, Mr. Brown made many trips overseas to 
study American and Continental methods of manu- 
facture. These trips led to a valuable interchange 
of ideas and about 1912 he concluded an arrange- 
ment with the Timken Detroit Axle Company to 
manufacture the “‘ David Brown ” patented worm 
gearing in the United States, for the rear-axle 
drives of many American vehicles. Complete 
batteries of the company’s special machines for 
worm gear production were exported to America 
for this purpose. 

Mr. Brown always impressed on his staff and 
workpeople that there was no such thing as stand- 
ing still, and that a firm must either progress or 
go backwards. It was the following out of this 
principle which led to the acquisition of the 
Keighley Gear Company, then P. R. Jackson and 
Co., Ltd., Saltord Rolling Mills, and to the develop- 
ment of the alloy steel foundries at Penistone. He 
realised that the best use could only be made of 
many types of gearing by parallel progress in the 
manutacture of gear materials. His tireless busi 
ness activities left him no time for public life or 
hobbies, although he took a keen interest in agri- 





culture and horticulture. His interest in agricul- 


ture was shown by his association with his son, 
Mr. David Brown, the managing director of the 
David Brown group of companies, in the produc- 
tion of the David Brown tractor in the Meltham 
Works of David Brown Tractors, Ltd. 

Any matters relating to the welfare of the 
workers were urged forward with the tenacity of 


purpose which was typical of his whole business 
life, and he closely associated himself with technical 
training schemes for the younger employees. The 
value of these methods has been demonstrated by 
the successful careers of so many engineers trained 
in the David Brown works. When he had com- 
pleted fifty years’ service with the firm a presenta- 
tion was made to him by the employees, who 
welcomed the opportunity of expressing their 
appreciation of the man whose firm yet kindly 
hand directed their efforts. Mr. Brown was Pre- 
sident of the Huddersfield Engineering Employers’ 
Association in 1921 and 1922, and the first Chair- 
man of the Huddersfield Branch of the Foremen’s 
Mutual Benefit Society. 








Letters to the Editor 
(We do not hold ourselves responsible for the opini 
correspondents) 


THE USE OF THE WORD “ ACCURACY ” 


Sm,—In his letter on ‘The Use of the Word 
‘ Accuracy,’ ’’ in your issue of March 7th, Dr. Harry 
Walker seerns to champion the cause of purism and 
to bid the engineer forsake his heritage and join its 
ranks. 

To ban the use of the expression “limits of 
accuracy’ and similar words and phrases, which, 
from the purist point of view imply perfection or 
absoluteness, but,which from the practical standpoint 
possess in their strict sense no real significance, 
would entail the reconstruction of much of the 
engineer’s language. 

As examples, verticality, circularity, straightness, 
parallelism, and even smoothness (which, being 
ultimately dependent upon actual molecular dimen- 
sions, is inherently a perfection), are all states which 
are no more “relative ”’ than the state of “‘ accuracy ”’ 
and which, when referred to in practice, must bear 
some qualification, expressed or implied. 

A “high degree of accuracy ” implies a proximity 
to exactitude well within the limits expected or 
required. The use of such an expression as “a low 
degree of inaccuracy,”’ on the other hand, would tend 
to give the impression of failure to attain the desired 
result. 

In Dr. Walker’s new language a “ high vacuum’ 
would have to be replaced by some such expression 
as ‘‘ space almost devoid of matter,” since a vacuum 
is defined as ‘‘ space devoid of all matter” and is 
therefore a perfection. A “high degree of smooth- 
ness ’’ would become “a low degree of roughness,” 
since, obviously, roughness (like inaccuracy) does not 
contain the idea of absoluteness. 

A difficult situation would arise where a state and 
its antithesis are both absolute; for example, full- 
ness and emptiness. How would Dr. Walker translate 
the expression “ half full” into his new language, 
since he is debarred from the expression “half 
empty” ? J. F. Waters, B.Sc. 

Southwell, March 19th. 


of our 
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A ‘GO-AS-YOU-PLEASE ” TECHNOLOGY 


Simr,—I should like to express appreciation of the 
thought-provoking letter written under this title 
by Flight Lieutenant A. C. Vivian. It seems probable 
that most intelligent teachers of the branch of engi- 
neering technology knowr. as “‘ strength of materials ” 
have the feeling that the conventional methods of 
presenting it rest on a dubious foundation, but have 
lacked confidence to adopt more logical technique 
because no acknowledged authority has thought 
fit to do so. The reason for this may be that the 
most advanced research is throwing doubt over 
everything that has been regarded as fundamental 
(as it certainly has in the field of atomic physics), 
and it may therefore appear to be a waste of time 
to “clean up” a subject which may be viewed 
entirely differently in a few decades. Whilst such 
a viewpoint may be defensible academically it may 
well be suggested that as engineering practice must 
continue no matter into what remote fields advanced 
research may lead itself, there is a need for unifying 
the ideas upon which present-day engineering tech- 
nique is based and for adopting consistent and 
unambiguous terms for all properties of materials. 
The announcement of such standard terms might 





conceivably come within the scope of the British 
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Standards Institution, although I hesitate to suggest 
that their selection should be entrusted to a Com- 
mittee. 

Whilst on the subject of phraseology I might 
mention that on page 184 of THE ENGINEER for 
March 14th the term “focal point ’’ appears. This 
roundabout way of saying “focus’’ has become 
strangely popular of late ; I should be interested to 
know for what reason. 

W. A. Tuptin, D.Se. 

Huddersfield, March 18th. 

[‘‘ Focal point ’’ is used principally in opties ; 
‘focal length” and “focal plane *’ are common 
terms in that science and “ focal point ”’ falls naturally 
into the sequence.—Eb., THE F.]} 


Str,—In his challenging letter contained in your 
issue of March 14th, Flight Lieutenant Vivian con- 
fesses to dismay at the untidy state of the technology 
of mechanical properties. His first discussion centres 
around current terms and definitions, and one can 
sympathise with some of the points raised. When he 
the abandonment of “ultimate tensile 
stress ** as a misnomer, it should be remembered 
that this is one of our few standard definitions, 
being enshrined in B.S. 18—1938, and therefore 
worthy of respect until reviewed by the appropriate 
B.S. Committee. When he suggests ‘ apparent 
maximum stress’ as a substitute, I would register 
a claim for the term * nominal maximum stress,” 
which I and others have already used extensively 
in our publications. The use of hardness ‘* number ”’ 
instead of hardness ** stress ’’ largely follows upon the 
original adoption of the Brinell test, whose inventor 
promulgated the former term. There is no reason 
why the latter should not be employed for the 
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Brinell and diamond pyramid tests (pace B.S. 240 
and B.S. 427), though it may be emphasised that, 
owing to the method of computation, in neither case 
is the result a true mean stress. In the Rockwell 
test, of course, the value obtained is not a stress. 

Flight Lieutenant Vivian constructively suggests 
that the property of hardness should be much more 
sharply focused, and expresses concern at the 
complacency of engineers and metallurgists regarding 
our technological untidiness. It so happens that I 
for one was trying to make things sharper and neater 
in this particular branch when the war curtailed 
activities. His “vital generalisation” is nearer 
than just around the corner, and it may be opportune 
to indicate the present writer’s views on some of the 
points raised. 

Diagram A is a reproduction of Fig. 19 from Elam’s 
‘“* Distortion of Metal Crystals,’’ and shows the true 
shear stress-strain diagram for aluminium single 
crystals of various orientations, together with that 
for the usual crystalline aggregate. Your corre- 
spondent rightly says that loading of all types is 
opposed by shear reaction at the crystal gliding 
planes, but it is evident from the greater resistance 
of the aggregate that the presence of crystal grain 
boundaries in the test piece also increases the opposi- 
tion—at least, for the earlier stages of deformation. 
The general form of the true stress-strain graph is 
seen to be an initial curved portion joined to an 
inclined almost linear portion terminating at fracture. 
Experimental results, reproduced, for instance, in 
Figs. 22 and 37 of Miss Elam’s book, show clearly 
that these true shear stress-strain curves for loading 


in tension, compression, and torsion all agree with 
each other very closely. So far, therefore, there seems 
to be no need for “‘ a veritable conspiracy of caution ”’ 
regarding the unity of this aspect of the subject. 

Your correspondent then asks, In what respect 
does the ‘‘ hardness test differ from, say, the tensile 
test?” If technologists can be prevailed upon to 
by-pass the bugbear of the Brinell number, and 
coaxed into considering curves of true tensile stress, 
then the difference becomes insignificant. Diagram B 
gives such curves for soft and cold-rolled aluminium 
plotted according to Stead’s method. They are 
obviously of the same shape as those for shear in 
Diagram A. Each graph consists of a rising curved 
portion which, after reaching that remarkable 
incident, the point of ** maximum load” (Py), con- 
tinues as a straight line up to the place of fracture 
(P;). The back-extrapolated value of load (Ly) 
at the original diameter is the ** nominal maximum 
stress’ so beloved of the engineer. Cold-worked 
aluminium specimens are seen to have a_ higher 
initial resistance to deformation than the normal 
metal. It is found, however, that the linear portions 
}of these diagrams all converge to a point P, situated 
at zero final diameter—or 100 per cent. reduction of 
area—of the test piece. This limiting true stress (of 
about 42 kilos. per square millimetre for aluminium) 
I believe to be of fundamental significance, and in 
publications have called it by Ackermann’s term, 
the * pressure of fluidity.”’ It represents the metal 
as reduced to a condition of true plasticity and 
incapable of further strain hardening. 

Considering ball hardness testing, Diagram C 
shows some true indentation stress-strain curves 
which I have obtained for aluminium. The strain 
is plotted as the ratio of diameter of indentation d 
produced by different testing loads, to the diameter 
of the ball D. The points X’ indicate the position 
of the ordinary Brinell numbers. It is obvious that 
the curves resemble in form those for true shear and 
true tension. Actually, they become straight, 
inclined lines if plotted on a basis of log d/D, and there 
is then also a hint of an initial curved portion. If 
the test pieces are originally increasingly cold worked, 
their linear hardness graphs increasingly approach 
the horizontal, and all converge to a point. For 
aluminium this point is at 42 kilos. per square 
millimetre, and obviously represents the same 
pressure of fluidity as P, in tension. Furthermore, 
it is interesting to know that if a punch is loaded 
against a block of aluminium, then at 42 kilos. per 
square millimetre it rapidly flows right through the 
test piece. Finally, if the tubes of a boiler were 
made of annealed or cold-drawn aluminium, I 
believe that they would all close up to zero internal 
diameter just when the pressure reached 42 kilos. 
per square millimetre. This synthetic view of the 
deformation of metals involves the tediousness of 
unfamiliar methods of presenting results, but it 
surely helps in producing the generalisation desired 
by your correspondent. 

Hvuen O'NEILL. 

L.M.S. Research Laboratory, Derby, 

March 2Ist, 1941. 
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SHORT NOTICES 


Plastics in Industry. By “‘ Plastes.’”’ London: 
Chapman and Hall, Ltd. 1940. Price 12s. 6d.— 
Note that ‘“ Plastes’”’ is in the plural; it probably 
stands for a small group of enthusiasts, for enthusiasts 
they are, as witness the following sentence, which 
opens the Introduction to this volume :—‘“ This 
book has been compiled in order that it may be read 
by the industrialists of the world. The writers 
hope, with due modesty, that by such reading many 
confused ideas regarding plastics and the plastics 
industry will be clarified and that there will be pre- 
sented to the eyes of the aforesaid industrialists a 
comparatively new series of materials of construction 
worthy of their examination and, finally, worthy 
of their employment for series or mass production.” 
There is not an excess of “due modesty ” in this 
advocacy, but its candour disarms the chastising 
hand and, in fact, the authors make out such a good 
case and do it so ably and with such intimate know- 
ledge that they soon gain the reader as an adherent. 
If Everyman were asked to define a horse he would 
boggle and stumble over the job and probably 
conclude that since everyone knew what a horse was 
a definition was not needed. So it is with Plastics ; 
we all know what they are, but should probably come 
a cropper if we tried to limit them by definition. 
Let, therefore, the authors’ definition that they are 
“rigid or semi-rigid units of construction of con- 
siderable mechanical strength [that cuts out butter 
and cheese] made from plastic organic materials 
exclusively and not metallic or mineral com- 
pounds’ be accepted. Rubber would fall within 





this definition, but is excluded on the ground that it 





is already covered by a well-recognised and inde- 
pendent industry; but synthetic rubber is set 
amongst the plastics. Within the field so defined 
‘**Plastes ’’ give the readers, in a few chapters, an 
account of what plastics are and what can be done 
with them, and then in a series of chapters describes 
their use in a large variety of industries. But let 
it not be supposed that it is propaganda and nothing 
else. Far from it; the authors are careful to give 
for each industry some technical information that 
will interest the people in that industry. A good 
book for those who want a general introduction to 
materials and processes which may prove of industrial 
value to them. 


Engineering Workshop Manual. By E. Putt. 
Seventh edition. Revised and considerably enlarged. 
London: Technical Press, Ltd. 1940. Price 4s.— 
It is unnecessary to say much about a little book so 
well known already in the shops. It is an excellent 
vade mecum for mechanics, the material having been 
selected with care and the descriptions being very 
lucid. This edition is larger than its predecessors, 
yet we venture to suggest that more space might 
advantageously be given in the next revision to 
gauging and the art of setting-off work. It is strange, 
in a book of this kind, to find no mention of dial 
gauges, which are now common workshop accessories, 
and we notice the absence of many useful gadgets for 
setting out work which would be appropriately 
described in a mechanics’ and essentially a machinists’ 
hand book. Still, omissions do not diminish the value 
of what is presented. 


Engineering Inspection. By A. C. Parkinson, 
A.C.P. (Hons.), F. Coll. H., &e. London: Sir Isaac 
Pitman and Sons, Ltd. 1940. Price 6s.—This volume 
is described as ‘‘ an introduction to inspection work, 
including special reference to aero requirements.” 
It opens with a chapter on the inspection department, 
goes on to an outline of limits and tolerances, and 
then after three chapters on metals, mechanical tests 
of materials, and heat treatment and hardness testing, 
comes to a very useful and complete description of 
workshop methods of measuring and the appropriate 
devices. The final chapter describes the joining of 
metals by soldering, brazing, welding, and riveting. 
The text and the illustrations are alike clear, and the 
book may be confidently recommended to the 
inspector, student, and mechanic. Mr. Parkinson 
has done his work well, and we venture to suggest 
that his name gains no additional brightness from a 
row of initials that will fail to impress those who 
know what they mean—and, by the way, the usual 
works of reference give no help with F. Coll. H. The 
letters A.C.P. refer apparently to a degree granted 
by the College of Preceptors of our school-days. 








Sixty Years Ago 
DEVELOPMENTS OF ELECTRICITY 

SrxtTy years ago Professors Perry and Ayrton, the 
‘* Japanese Twins,” as they were called, had returned 
from Tokio and were pursuing with unabated vigour 
their scientific studies and investigations. In our 
issue of April Ist, 1881, we published a report of a 
lecture which Perry had delivered during the previous 
week before the Society of Arts on the future of elec- 
tricity. The earlier portion of the lecture was devoted 
to some fundamental considerations underlying the 
measurement of electrical quantities and to the 
meaning of the words constituting the terminology 
of electrical science. Perry then passed on to exhibit 
some practical applications of electricity. From a 
small dynamo erected in the Adelphi arches he 
obtained current which in the lecture room was made 
to drive a ventilator, a sewing machine, a wood- 
turning lathe, and other appliances. He called atten- 
tion to the heavy loss of energy—more than 50 per 
cent., he said—involved in the transmission wires, 
and in the dynamo and the apparatus driven in the 
lecture room. Electricity, he stated, could be trans- 
mitted through great distances, even to many thou- 
sands of miles, but could it be transformed at the 
point of receipt into mechanical energy nearly equal 
to the amount supplied to the dynamo? He was 
forced to answer that with existing machines there 
was a great waste of energy in the form of heat in the 
conductors and the driving and driven appliances. 
But, he went on, in the electrical machines of the 
future there would be little loss. At no distant date, 
he believed, we would have great central stations, 
possibly situated at the bottom of coal pits, where 
enormous steam engines would drive enormous elec- 
tric machines. Wires would be laid along every street 
and tapped into every house, just as gas pipes were 
at present. The quantity of electricity used in each 
house would be registered just as gas was registered, 
and the current would be passed through little electric 
machines to drive machinery, to produce ventilation, 
to replace stoves, and fires, to work apple-parers and 
mangles, and to drive barbers’ brushes. Perry also 
spoke of the introduction of electric railways being 
merely a question of time and capital, and concluded 
with a description of his and Ayrton’s plan “ for 
seeing at one place a moving object at a distant 
place.”” Unfortunately, we gave no details of this 
apparently early attempt to achieve television. 
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Epicyclic Gear Trains 


By H. E. 


No. 


(Continued from page 192, March 21st) 


Data FOR EFFICIENCY CALCULATIONS 
EFERENCE to the preceding expressions for 
efficiency will show that in certain cases a small 

yariation in E, may involve a large variation in E. 
Hence, while the expressions may reveal what 
wre good and what are bad trains, they will have 
little further value unless E, can be estimated 
with a reasonable degree of accuracy. 

The calculation of the efficiency of a gear train 
is nearly always necessary either in order to 
permit the required size of driving motor to be 
determined, or, more important, to provide data 
for the calculation of temperature rise and cooling 
requirements. 

Efficiency of Basic Train.—The starting point 
in the calculation of the efficiency of an epicyclic 
train is a reliable estimate of the efficiency of 
the basic train, which, as already explained, is 
the inversion in which the planet carried is fixed. 
Space does not permit a full discussion of the 
efficiency of gears in general, but it may first 
be stated that for all practical purposes the 
power loss in a gear train may be divided into two 
parts : 

(a) The “ surface friction ’’ loss, representing 

a substantially constant percentage of the 

input power regardless of speed and load ; and 

(6) The “churning loss,” due to agitation 
and shear of the lubricant, which is largely 
independent of load, but varies greatly with 
the speed of the gears and the viscosity of the 
lubricant. 


Precise data on churning loss cannot be given, 
since this portion of the loss is largely governed 
by the detail design of the gear. The best guide 
in this connection is the performance of similar 
gears ; but as a rough guide it may be taken that 
if the design and lubrication are well arranged, the 
churning loss should not exceed 1 per cent. of 
the rated horsepower of the gear per tooth 
contact. In counting the number of tooth contacts, 
only one “line of drive” is taken and all planet 
gears running in parallel are neglected except one. 

Surface friction loss represents the combined 
losses due to friction between the teeth and in 
the bearings. The friction of any plain bearings 
which may be incorporated in an epicyclic train 
will require individual consideration; but if 
planet gears are mounted on ball or roller bearings 
the loss in such bearings is fairly small in relation 
to the tooth friction, and the combined value 
of tooth and bearing friction can be estimated 
with a reasonable degree of accuracy by means 
of the chart given in Fig. 4. 

This chart has been based on calculations 
of the sliding friction between a pair of spur gears 
of British Standard proportions (20 deg. pressure 
angle, full depth), taking into account the length 
of the path of contact and the sliding velocity. 

The curves represent the loss expressed as 
a percentage of the input horsepower, ordinates 
representing the number of teeth in the pinion 
and abscisse the “inverse ratio”’ ¢/T for the 
respective cases of external and internal gear 
pairs. These curves are based on a mean coefficient 
of friction of 0:08 between the teeth, a value 
which experiment has shown to hold good for 
steel gears running at moderate speeds and lubri- 
cated with a mineral oil of viscosity appropriate 
to the load and speed. 

The application of this chart may be illustrated 
with reference to a train of the kind shown in Fig. 
l a (ante) having the following numbers of teeth :— 
Sun, 20 teeth ; planets, 30 teeth ; annulus, 80 teeth. 

Since there are two tooth contacts, two calcula- 
tions are required : 

(a) For the 20/30 combination, in which 
=0-667. 


t=20, T=30, inverse ratio= Here 


30 


the efficiency loss is read off as 1-6 per cent. 
(6) For the 30/80 combination, in which 


This 


430, T=80, inverse ratio= =0-375. 

is read off under the heading “internal ’’ as 

0:46 per cent. 

The total loss in tooth friction is therefore 
1-6+0-46=2-06 per cent. The basic efficiency 
expressed as a fraction is therefore 0-9794. 


MERRITT 
I 


It should be noted in what follows that the 
churning loss is not included in E, in the calcula- 
tion of epicyclic efficiency; but the loss of 
efficiency due to churning, if it can be estimated, 
is subtracted from the epicyclic efficiency after the 
latter has been calculated in the manner already 
described. 

EpicycLic TRAINS IN SERIES 

By this expression is meant two or more single 
epicyclic trains so arranged that the output 
member of the first train is the input member 
of the second, and so on. In such cases there is 
only one rotary coupling between adjacent trains 
and the combined ratio of reduction is merely 
the product of the respective ratios of the single 
planetary trains. This case is simple and not 
particularly important, but is mentioned here 
in order to distinguish it from the more usual 
case of ‘‘ coupled epicyclic trains.” 


CovurLeD Epicyctic TRAINS 
Two single epicyclic trains may be so arranged 


for which the basic ratio is Rx, the speed of C, in 
terms of that of A, is, from Table I : 

__Na 
Na “1—Ry 
This is also the speed of C, in the train A, B, Cz, 
in which A, is the output shaft. For this train, 
having a basic ratio Ros, case C,/A, therefore 
applies, and from Table I 


Nio=Nog (1— Rog). 
But since Nog=Ney, 


Nig= 





Nay (1—Reog) 


~ 1—Re 
Evaluating this for the actual numbers of teeth 
indicated : 





30 x 75 
a4— — = _— 4 
Ruy 25 x 20 : 
75 
Rog= 3 35 = —2'/, 


(The fact that Ro, and Ro, both carry minus signs 
is clear from inspection.) 

Then 

Nay (L— —2"/y) Nay X3*/, 


Nis= 


1— —4} 54 
“. 2x22 4, 
=Naxyy 27 7 Na- 


The train therefore acts as a speed-reducing gear, 
and input and output shafts rotate in the same 
direction. 





that the two rotating members in one train are 


Efficienc. 
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respectively coupled to two rotating driving 
members in the other. 

All seemingly complex epicyclic trains can 
be broken down into their constituent single 
trains, often in a variety of ways, and this breaking 
down constitutes the chief problem in the calcula- 
tion of the speed ratios. The variety of epicyclic 
arrangements is such that classification is hardly 
possible, and, indeed, it is not desirable. All 
such problems yield before one or other of certain 
artifices which will be described. 

Adding Imaginary Members.—It sometimes 
appears as if the number of members cannot be 
split up into groups of three, each group constitut- 
ing a single train. In such cases additional 
imaginary memberg are inserted, each of which 
duplicates the function of an existing member, 
until the desired grouping is achieved. 

Fig. 5a shows a typical example. Here the 
driving shaft causes the planet carrier to rotate, 
while the output shaft is driven by a further 
concentric gear engaging with the planet pinions ; 
there are therefore four members primarily 
concerned (neglecting the planet pinions) and 
two more must be provided in some way. 

One method is shown in Fig. 56. The train 
has been converted to two single trains in series, 
namely, A; B, C, and A, B, C,, by the addition of 
a duplicate planet carrier, annulus, and secondary 
planet pinion. Each duplicate has the same motion 
as its original. 











Considering case A,/C, of the train A, B, C,, 















01 1 
Inverse Ratio = t/T 


Fic. 


Second Method.—Another way in_ which 


y Loss %, 
20 









2 6 0 
EXTERNAL 


4 


imaginary members can be added is shown in 
Fig. 5c. This method would not in practice be 
applied to the example in question, but it serves 
to illustrate the general case of coupled epicyclic 
trains, in which all three members of the second 
train rotate. 

In Fig. 5c the planet carrier, planet pinions, 
and concentric pinion have been duplicated, 
giving two trains A, B, C, and A, B, C,, 
respectively. 

In train A, B, C,, A, drives C,. The speeds of 
A, and C, are then respectively transferred to 
A, and C, of train A, B, C,, and B, is the output 
member. 

Considering train A, B, C,, basic ratio R.,, 


Na 
1—R.y 

For the second train we have the case A, C./B, 
given in Table I, whence 


No= 


Nog (Rog—1)+Nag 





Neo= R . 
02 
Since 
ea N 
Nos= No = i-Ry 
and 
Nw=Nay, 
N 
TR, Ra D+Na 
Bo ~a 





Rog 
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-913)+—2-913] 
-913) 


as Case AB/C 


$:381 Ney 


331 
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Rog Nis= =Nog (l—Ro )+Nnpe Ros. 
Na( P53 tt) But : 
Neo= Sat ~!. Nog=Nuag= 1-345 Nog 
02 and 
_Na ( (Ros— Ro) Npe= Neg, 
Rog (1—Roy) hence 
\f r 245 . 
Evaluating this for the numbers of teeth shown, Nag=Neg [1-345 (L— —2 
Ro = —4¢ (as before), = Neg (1-345 X3-913—2 
p—  80+35_ on) way high aoe 
= T35490° r=" /10- ann A, B, C, (Ro = —2-913) works 
Hence - 
wy, Nas 2"ho——44) _ Nae 64/9 NES 
Sie SR ge | eee) ees VT “1 
Fhe 0) 0X58 | 
== N,, (as before). Nay Nag= 2-331 Neg 
d and 
Nu = Neg= Nog = 1-345 Nog, 
EXAMPLES FROM A TYPICAL WILSON GEAR-BOX | hence ms a ae theta 
Fig. 6a* shows diagrammatically the arrange- Na = (1-345 Nog x ~2-913)— 
ment of the gears in a Wilson four-speed and —2-913—1 
reverse gear-box. Top gear is a direct drive _ (1335 x —22-913)—2- 
engaged by a friction clutch (not shown) and the F =e 
remaining gears are engaged by their respective — 1-593 No. 
brake bands. The numbers of teeth are shown in|pporefore 
Fig. 6a. erefore ot 
The method employed in finding the speed ratio Nay 2-331 Neg 
between the input and output shaft differs for the No 1°593 Neg 
various gears. The procedure is as follows :— =1-463. 
First Speed.—The gears concerned are shown in| Reverse —This is another example of coupled 


Fig. 66 and form the single train A, B,C,. Case 


A/C, Table I, is therefore concerned, and 
N, 


N. *—=1—Rp. 

The value of Ro, is —67/23—= —2-913, hence 
Na rr 
= =1— —2-913=3-913. 


Second Speed.—This is shown in Fig. 6c. It 
involves the coupled trains A, B, C, and A, B, Cy. 
Train A, B, C, works as a single train in Case 
A/C, hence 
Nas 
1—Ros 
Train A, B,C, works according to Case A, B, C, 
and from Table I 


Na: 


Neg = 





Na . Ro, —Nay. 


R,—1 
But 
Roo= —67/23=—2-913 
and 
Nas=Nai, 
hence 
. Na Na 7 
Nee= | 9-913 3-013 8 
Ro, is also equal to —2-913, hence 
Na 
5-013 % 2 913—Nus 
oa. C—Os—1 
, (2-913 
Na Far -1) 
3-913 
Therefore 
Na —3-913 
). —2-913 
3-913 
=2-243. 


Third Speed.—In this speed there are three 
coupled trains. This combination may be dealt 
with in any one of several ways. At first sight it 
might appear as if there were no definite starting 
point ; no single train from which the motions of 
members of successive trains can be derived. Thus, 
if train A, B, C, be considered, the speed of C, is 
modified by the speed of B,, but this in turn is the 
resultant of the speed of C, applied to B, in train 
A, B,C; 

A way out of this apparent dilemma is to assume 
the speed of C; in the first place. Then by working 
through the train A; B, C, the speed of C, may be 
found ; this is equal to the speed of B, and there- 
fore the speed of A, can be determined in terms of 
the speed of C,;. Similarly, from train A, B, C,, in 
which B,=C,, A;=A, and R,=—2-913 the uel 
of C, can be found. The working is as follows :— 

In train A, B, C3, in which co .5s 

Nog (Rog—1 
Nu3= -*Cc3 = . 
Train A,B,C, (Roo= _2-913) works as Case 
BC/A and 





= 9 
~9 Nes= 1-345 Nog 





* This diagram corresponds to that shown by Fig. 14 in 
Mr. R. McCrae’s book, ‘‘ Epicyclic Gearing,” 
the Draughtsman Publishing 





published by 
ompany, Lta. 


trains and is best dealt with by proceeding back- 


wards, 1.€ 
member is fixed, namely, A, 


a value 


Hence 
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, from the single train 
B, Cy. 


—-2-310. 


Nag= Neg (1— Rog) 


=3-310 Nog. 


Now considering train A, B, C,, 


but 
and 


Hence, 


Nau=Nu Ry +Na (1 2 Roy), 
Noi =Na=3-310 Neg 


Na=Ne.- 
- x [(3-310x —2-913) 
Na =Neal FO aon) 


Ne (—9+642+3-913) 
= —5-729 Ny 


Na 


No —5-729. 








in which one 
This train has 








CHOOSING NUMBERS OF TEETH 


For Assembly of Single Planets.—For all varieties 
of epicyclic drive in which single planets are used, 
R. is negative. These include the trains with 
sun and internal gear, the conventional bevel 
differential, and bevel gear trains. 

If there are to be Q planets, equally spaced, the 
condition which must be fulfilled if the planets 
are to be capable of assembly is that the sum 
of the numbers of teeth on the concentric gears 
(¢+T) must be exactly divisible by Q. Provided 
that this is so, it is not necessary that ¢ and T 
should be individually divisible by Q. 

The derivation of this relationship, and the 
slightly more complex one which applies to com- 
pound planets, is here briefly given, using the 
notation employed in the earlier part of this 
article. This notation, incidentally, makes the 
formule very easy to remember. 

Thus, consider the case illustrated in Fig. la (ante) 
and assume that the first planet has been assembled 
with a given tooth relationship, e.g., with the 
centre line of a tooth radial to the axis of the 
gear. Now let the carrier be rotated (with the 


sun gear fixed) through a revolutions. Then the 


annulus will rotate through (: -t) times this 


9 


amount, and this angle must be a multiple of 


ourPuT 





Fic. 6 


the angle ur ue by adjacent teeth on the 


:: Thus, 


annulus, 7.e., — revolution. 


— a x an integer, 


whence 
: 1p )=an integer ; 
but 
f ¥ 
Ro= — > 
t 
Therefore 


4 a an integer (22) 

For Assembly of Compound Planets.—When 
using compound planets it is essential that all 
the planets should be made identical as regards 
the relative phasing of the teeth of the two portions, 
by giving a selected pair of teeth, one on each 
portion, a common radial centre line. 

Giving the numbers of teeth the respective 
designations shown in Fig. 16 (ante), and proceeding 
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as before (noting that R, is in this example 


. , ‘ 1 
positive), rotation of the planet carrier by Q revolu- 
: . l ] 
tion, with A fixed, will cause B to rotate? (1 -x) 


revolution. 
te 
Since R,=- 


equal to 


By q F 
a the rotation of B is therefore 
t, 2 


of) 
7; 


aCe es 
Q T, T, 


If the next planet is to be capable of being 
inserted in the same angular position as the first, 
the teeth of B must be in their original align- 
ment, and the rotation of B must be an exact 


44) revolutions. 


: ] ‘ . 
multiple of. Hence the tooth number relationship 


T, 
for this case is 
oF T,— t te 
Q T, 
By assembling the planet T, ¢, with some other 
angular position of the datum tooth centre line, 
however, a vernier effect is obtained. For a 
given position of A, the planet has T, positions, 
giving possible angular positions of B, represented 
a .b\4 
te 


by 
(7, T; 


where a and 6 are integers representing the number 
of pitches taken round the respective portions 
of the planet. This is equal to 


=an integer (23) 


"2 


revolutions, 


at,—bT, ly at, bT, 
ms T. t. T, T, T. 
Pik - H 
and has a minimum value of rT where H is 
142 


is the highest common factor of the numbers of 
teeth ¢, and T, (the two portions of the planet). 
Hence the condition for assembly is that 


TT, —h fs H . an integer 
7, T, “ea ci 
or 
T, T.—t,¢ : 
“QH *—an integer (24a) 


If Rp is negative (e.g., if B has interna] teeth), then 
T, Te+h t 

QH 
It is of interest to note that the arrangement 
shown in Fig. 1b (ante) can be made to give a very 
large ratio of reduction when the carrier is the driv- 
ing member, and the highest ratios of reduction 


" 


r; 


an integer (24) 


are obtained when the fractions and are 


1 2 
conjugate Brocot fractions. Such fractions have 
the well-known property that T, T,—t,t.=1; 
hence there can be only one planet spindle which 
will permit assembly unless dissimilar planets are 
used. 

It should be pointed out that in those arrange- 
ments in which T, T,—t, ¢, divides by Q H, but 
not by Q T,, the positioning of the planets during 
assembly may be very troublesome, particularly 
when H is small. 

The reason for this is obvious; there may be 
several positions of the planet in which the teeth 
will enter (within the limits of the backlash allow- 
ance), but the teeth will bear correctly only in 
one of them. 

An example 
of the foregoing. 
in Fig. 1b (ante), let 

T,=43 


will illustrate the application 
In an arrangement as shown 


fy 
T, 
This does not look very hopeful if three planets 


were desired, but actually this number of planets 
could be used. Thus, using relation (24a) above : 


20 
40 


T, T,—4 t. 43x 40-1720 1720—340 
QH 3x1 ¢ 3 
ment ~ : 460. 
The relation (23), viz., 
T, T.—t, ty 
OT: 


does not, however, give an integer ; hence, after 


; re, ‘ 
rotating the carrier 3 revolution the next planet 


tooth alignment as the first. In order to investigate 
what is required, proceed as follows. 

Suppose that the first planet is assembled with 
the datum tooth centre line on the planet radial to 


the axis of A, and let the carrier be rotated = Tevo- 
lution. Then the rotation of B will be, from (27), 


, (SOIT 20) 190 ser 
3 43 x 40 ~ 5160 *° 


and an imaginary planet on a stationary spindle 
would rotate 


1380 40_21 
516020 43°°"" 


1 

q3 Te’ 
hence in order to assemble the next planet it would 
have to be advanced from the alignment of the 
previous planet by twenty-one teeth. 


But each tooth advance of T, represents 


TootH NUMBERS FOR SIMPLE TRAIN AND INTERNAL 
GEAR 


Considering the case shown at (a) in Fig. 1 (ante), 
casual thought suggests the following reasoning :— 


(i) If the number of teeth in each planet gear 
is tp, then T=t+-2 t, ; 

(ii) For assembly, T+-¢ must be divisible by Q ; 

(iii) From (i), T+t=2t=2t,. 

(iv) Therefore T+é¢ must be an even number 
and must also be divisible by Q. If Q=3, say, 
then T-+-¢ must be divisible by 6 

The above train of argument, however, does not 
take all the possibilities into account, for it assumes 
that the same pitch circle of a planet gear meshes 


annulus. This is not essential, since a pair of 
involute gears of given numbers of teeth can be 
produced with the same cutter and yet mesh at 
varying centre distances. The intricacies of 
“ correction ” are utside the scope of this article, 
but an indication of the possibilities may be given 
by an example. 

Suppose that in a gear of the type in question a 
suitable value of R, would be given by the numbers 
of teeth (=17, T=64, and three planets are desired. 
The condition for assembly is satisfied since 

t+T=17+64=81, 
which is divisible by 3. 

Now, if the elementary assumption is made that 
the pitch circles are “standard,” then if the 
number of teeth in the planets is 23, T would have 
to be equal to 17-++-2 x 23=63, whilst if the planets 
had 24 teeth, T would have to be equal to 65; and 
neither of these values permits assembly. It is 
quite permissible, however, to leave the number of 
teeth in the planets at 23 ; to do this it is necessary 
to adjust the centre distances or the blank dia- 
meters, or both, in order to secure the full depth of 
tooth engagement and the requisite backlash. 
This can be done in a variety of ways, not merely 
without detriment, but rather with advantage to 
the tooth action. An easy way, quite satisfactory 
in this case, would be to proportion the blank 
diameter of the sun gear for 18 teeth (leaving the 
planet and annulus blanks “ standard ”’), but to 
cut only 17 teeth in it. 

Further variations can be applied, all of them 
requiring rather special knowledge of involute 
tooth design, but for the purpose of establishing the 
planetary ratio the designer can select the numbers 
of teeth in the manner described above and leave 





with the pitch circles of both the sun gear and the. 


the rest to a gear tooth specialist. 








E have received from the Ministry of Economic 
Warfare the following account of air raid damage 

in Germany for the months of December and January. 
In spite of the restrictions imposed on bomb- 
ing operations by bad weather, there is every 
reason to believe that the Royal Air Force 
succeeded in inflicting some substantial damage to 
Germany's war effort during December and January. 
and that this in fact exceeded the damage which 
Gefmany succeeded in inflicting on Great Britain. 
Reports from Berlin indicate that the raids on Berlin 
on December 15th and 
December 20th were 
the most effective yet. 





Air Raid Damage in Germany 


eA eS Qa 


junction between the Schéneberg and Papestrasse 
stations, where the Ring-bahn connects with the 
Potsdamer terminus station. While railway damage 
is in most cases quickly repaired, there is reason to 
believe that this incident caused considerable dis- . 
location by reason of the importance of the sector 
of the line and the fact that a train was involved. 
Elsewhere in Berlin, the Police Presidency and the 
Law Courts suffered some damage, the top floors 
of the famous Wertheim Department stores were 
burnt out and minor damage was inflicted on a 


MANNHEIM AND LUDWIGSHAFEN 








Mannheim was heavily 
attacked in the week 
before Christmas, and 
Bremen’s turn came 
over the New Year, 
while Wilhelmshaven 
was heavily raided in 
the middle of January. 
In addition, lighter at- 
tacks were made on 
the Rhineland towns, 
particularly Diisseldorf. 






BERLIN \\ 
Berlin, like London, SN 
is a large city which 


can take a good deal 
of punishment without 
giving the appearance 
of widespread destruc- 
tion. Nevertheless, the 
raids of December have 
begun to impress on 
the Berliners the reali- 
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ties of war. Heavy 
bombs in the Tauen- 
tziensstrasse, in the 
heart of the city, pene- 
trated the Untergrund- 
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bahn and brought traffic 
to a standstill on the im- 
portant stretch between 
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PLAN OF 


bringing all street traffic to a standstill. The damage 
was so extensive that it took ten days to clear up, 
in spite of the extraordinary speed and efficiency of 
the German salvage squads, in which incredible 
numbers of men were employed in order to hide the 
effects of British bombs as quickly as possible from 
the civilian population. 





will not be capable of assembly with the same 








Hits were also obtained on a very important railway 








MANNHEIM AND LUDWIGSHAFEN 


the Wittenberg Piatz 
and Zoo stations, besides damaging shops, blow-| number of important industrial establishments. 
ing the roof off the Tauentzien cinema, and 


MANNHEIM* 


As the most important industrial and commercial 


centre of the middle Rhine, Mannheim suffered much 
more heavily. 


The old town of Mannheim proper 


* Descriptions of Mansion ona Ludwigshafen, including 
P 


illustrations of the harbour and various industrial works, 
appeared in TRE ENGINEER of February 14th and 2st, 
Force Targets in Germany, Nos. XVI and XVII. 
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stands on the spit of land where the River Neckar 
runs into the Rhine from the south-east, as shown 
on the accompanying plan. Between the two rivers 
is the river port of Mannheim and the shipyard of 
the Schiffs-und Maschinenbau A.G., which has built 
many of the steamers which now ply on the Rhine. 
Just to the south of the old town, which is beautifully 
planned around the old castle, are the main railway 
station and the extensive engineering works of 
Heinrich Lanz A.G. On the east bank of the Rhine 
and the north of the Neckar are the industrial suburbs 
of Waldhof, Kafertal, Neeharstadt with the Industrie 
Hafen. In this area are the principal works of the 
Zellstoff Fabrik Waldhof A.G. pulp and _ paper 
combine. Also in this area are important diesel 
engine and lorry works of the Daimler-Benz group 
and the works of the Motorenwerke Mannheim A.G., 
which produces a somewhat similar range of oil 
engines. In Kafertal are the works of Brown, 
Boveri et Cie A.G., manufacturers of heavy electrical 
equipment. 

To the south of Mannheim, and still on the east 
bank of the Rhine, are the industrial suburbs of 
Neckarau and Rheinau and the Rhemau inland 
port. In this area are the steel works of the Stahlwerk 
Mannheim A.G., the soap works of the Sunlicht 
Gesellschaft A.G., several chemical works, including 
the important works of the Chemische Fabrik 
Buckau A.G., and the important electricity generating 
station of the Grosskraftwerk Mannheim A.G. 
It was in Rhemau that the Bergius oil-from-coal 
process was first developed. The experimental 
works is still there and has recently been devoted to 
the production of sugar from wood on a semi- 
commercial scale. 

On the opposite or west bank of the Rhine are 
the towns and suburbs of Ludwigshafen, Oppau, 
and Mundenheim, which rank as part of Mannheim 
industrial area. Here, again, there is an extensive 
inland port, but the chief industrial features are the 
enormous chemical works in Ludwigshafen and 
Oppau. The Badische 
(a branch of I.G. Farbenindustrie) is world famous 
for the dyestuffs manufactured in its Ludwigshafen 
works, which include one of the largest sulphuric 
acid plants in Germany. The adjacent Oppau 
works comprise a large synthetic ammonia plant 
(the first full-scale plant using the Haber-Bosch 
process to be erected) and an alkali plant, and produce 
a vast range of heavy and other chemicals. Also in 
Ludwigshafen is another important engineering 
firm, Gebruder Sulzer A.G. At Mundenheim the 
alumina works of Gebr. Giulini constitute an 
important unit of the German aluminium industry. 

Throughout the Mannheim-Ludwigshafen area 
there are also a large number of smaller engineering 
works and other industrial enterprises of varying 
importance. 

Mannheim is of importance as a commercial and 
communication centre no less than as a manufactur- 
ing area. The port is the largest inland port in 
Europe after Duisburg-Ruhrort, and the Lud- 
wigshafen docks claim to be the largest inland port 
on the left bank of the Rhine. There are the usual 
flour mills, granaries, seed-crushing plants, oil 
storage depéts, cold stores and warehouses which are 
to be found at all large distributional centres. As 
a railway centre, Mannheim is of great importance. 
Its double bridge formas one of the principal Rhine 
crossings ; several lines converge upon it on either 
side of the river. And this is one of the chief supply 
routes for the occupation forces in France. 

The raids on Mannheim have inflicted widespread 
damage to the installations of the main docks ; 
several barges were sunk in one raid and traffic was 
blocked. The shipyards of the Schiff-und Maschinen- 
bau A.G. have been damaged and production has 
been held up. More than one shop of the Heinrich 
Lanz engineering works has been completely destroyed 
and others have been damaged by high explosive 
and fire. The damage inflicted on plant and buildings 
at this works is believed to run into millions of 
marks and production is likely to be affected for 
some time. The Ludwigshafen works of the Badische 
Anilin-und Soda Fabrik have been extensively 
damaged and the Oppau works have also suffered. 
There is reason to believe that the damage inflicted 
on these works has set the German chemical industry 
some difficult problems. Other works, including 
the Zellstoff Fabrik Waldhof, have received minor 
damage. 

Several hits were scored on both the main passenger 
station and the main goods station at Mannheim. 
Near the goods station a direct hit was obtained on a 
shed which housed the Central Field Post Office for 
the Army of Occupation in France, necessitating its 
removal to Stuttgart. As this occurred shortly 
before Christmas, when the traffic is likely to have 
been at its peak, it may be imagined that the transfer 
did not take place altogether without friction or 
delay to the Christmas mail of the troops. In the 
goods station, also, an ammunition train was involved 
with unfortunate results to surrounding property. 
Apart from the main station, the Ludwigshafen 
and Waldhof stations were also involved; the 
Ludwigshafen station was set on fire and the engine 
sheds were also hit. Altogether some fifteen hits 
were scored on railway tracks in various parts of the 
Mannheim area. One of these broke the connection 


across the Rhine between Mannheim and Ludwig- 


Anilin-und Soda Fabrik |° 





shafen for some days. All rail traffic had to be 
diverted from the Mannheim area and routed through 
Karlsruhe—not a serious diversion in point of 
distance—but Karlsruhe is likely to have been 
heavily loaded already. Altogether it is clear that 
industrial life in Mannheim must have been somewhat 
abnormal for several weeks after these raids. 








New Aircraft and Aero Engines 


AmonG the American aircraft coming to this 
country to which Sir Archibald Sinclair referred 
when introducing the Air Estimates on March 11th 
was the Consolidated ‘‘ Liberator.” We illustrate 
herewith one of these aircraft after being flown across 
the Atlantic to an English aerodrome. The 
“Liberator” is a four-engined high-speed heavy 
bomber designed for long-range work and carrying 
a load which Sir Arehibald described as ‘‘ huge.” 
The Consolidated Aircraft Corporation of San Diego, 
California, is best known as a producer of flying boats 
for civil and military purposes, but during recent 
years it has turned increasing attention to the 
construction of landplanes. Of the performance and 
characteristics of the “ Liberator ”’ little can be said 
at present; but it is known to be equipped with 
four Pratt and Whitney engines, each developing 
1200 H.P., and is stated to have a cruising range of 
3000 miles. It is believed to be fitted with two 


in Johannesburg some time ago. From her slender 
skilled labour resources, he declared, South Africa 
was attempting the development of an increasingly 
large munitions programme, and the maintenance of 
an increasingly large mechanised army and air force. 
She was also facing increasing industrial and railway 
expansion. Her problem was to secure the necessary 
labour—probably it would be mainly female—and 
to reorganise and redistribute its engineering machines 
and machine tools to suit those labour conditions. 
The ultimate aim was to find the labour necessary to 
operate every machine tool available twenty-four 
hours a day. 

Dealing with raw materials, Mr. Stratton said that 
South Africa’s steel industry was the backbone of her 
munitions effort, but the local steel industry was not 
nearly large enough to supply normal peacetime 
requirements, so any demand made on it for munitions 
immediately and automatically required importation, 
but this required foreign exchange and tied up 
valuable shipping space, therefore economy in the 
use of steel should be practised wherever possible, 
and concrete or brick must be used. 

This war, said Mr. Stratton, was essentially an engi- 
neering war—in the end it was a war of the engineer, the 
fitter, and the garage mechanic, and from all coun- 
tries involved in the war came the cry of desperate 
shortage of skilled labour, and more and more would 
be required. It was necessary that in the Union they 
should devise what means they could for meeting the 
labour shortage. The only immediate source of 





white labour remaining for munitions production is 








‘* LIBERATOR" 


multi-gun turrets, one in the nose and one at the 
tail. It has a span of 110ft. and a length of 66ft. 
It carries a crew. of six and 4 tons of bombs. 

In the course of his Estimates speech, Sir Archibald 
also made reference to certain new aero-engines which 
we would soon have in service. One of these engines 
is doubtlessly the Napier “ Sabre,”’ which, it has been 
reported during the past week, is now in production 
in this country and may soon be in production in 
the United States. The ‘“ Sabre,”’ it is understood, 
follows to some extent the lines of the Napier 
‘“* Rapier” engine of 395 H.P., and the “ Dagger ” 
of 925 H.P. These engines are air cooled and are 
characterised by the arrangement of their cylinders 
in the form of an H. The “ Rapier” has sixteen 
cylinders arranged in four rows of four each. The 
cylinder axes are vertical. There are two crankshafts 
which are geared to a centrally disposed air screw 
shaft. Each crankshaft is driven by eight cylinders, 
four above and four, inverted, below. The ‘‘ Dagger ” 
has twenty-four cylinders arranged in a similar 
manner in four banks round two crankshafts. For 
an air-cooled engine the design presents a very small 
frontal area. The Napier Company, it may be 
recalled, was responsible for an earlier series of 
fan.ous engines, the Napier “ Lion ”’ series, the first 
of which reached the production stage just too late 
to play its part in the war of 1914-18. These engines 
were water cooled and were characterised by the 
arrangement of their cylinders in three rows lying at 
120 deg. to each other round the crankshaft. The 
Napier Company has also been active in the develop- 
ment of the compression-ignition engine in this 
country. Its work in this direction began in 1933, 
when it acquired a licence to build the Junkers 
‘“‘ Jumo ” engine of that category. 








Stepping-up Union of South 
Africa’s War Output 


PRoBLEMS which South Africa faces in her drive 
to equip her Army with munitions were discussed 
by Mr. T. P. Stratton, retiring President of the S.A. 
Institute of Electrical Engineers and Director of 
Technical Production under the Director-General of 
War Supplies, at the annual meeting of the Institute 








HEAVY BOMBER 


women, according to Mr. Stratton, and it will be on the 
women of the country that a large portion of the 
burden of munitions manufacture must ultimately and 
inevitably fall. Their full use is dependent par- 
ticularly on the establishment of factories, laid out 
especially for mass-production work. The position 
of skilled male labour could also be helped by 
drafting into industry more apprentices—boys still 
too immature to be ready for Army service in six 
months’ time, but who, given, say, two years’ appren- 
ticeship training in actual engineering concerns, 
could by then become of valuable assistance in the 
great national effort. Another way to assist is for 
those manufacturers not engaged in skilled munitions 
manufacture to release all possible skilled artisans. 

Dealing with plant and machine tools, Mr. Stratton 
said that South Africa had no machine tool-making 
industry, and it was almost impossible to obtain 
machine tools from overseas. It was therefore of 
primary importance that the plant and machine tools 
available in the country be used to the fullest possible 
extent, and a machine tool census was of primary 
importance in this endeavour. 

Over the past ten years many large new plants 
have been erected, including those of “ Iscor”’ 
(Pretoria Iron and Steel Works), as well as plants of 
some dozen or more large gold-mining companies. 
As almost all these plants are largely built of steel, 
this activity has led to the rapid growth of the local 
structural steel industry and the plant and equip- 
ment owned by this industry is therefore both large 
and modern, and for the most part this industry has 
been established in a small number of good-sized 
units. In addition, the gold-mining industry 
requires a vast amount of boiler-making repair work 
—far greater than in any normal industry in the older 
manufacturing countries. ‘* For these reasons,”’ said 
Mr. Stratton, ‘“‘I believe that, for the size of the 
country, our ability to undertake structural steel 
work is unique ; hence for such items of war supplies 
as require structural steel, our difficulties have not 
been hard to overcome. 

‘*Much more difficult, however, are our problems 
involving the mass production of articles of muni- 
tions requiring machining apparatus. Our machine 
shops, whether they be railway shops or mine shops 
or commercial engineering shops, are almost entirely 
repair shops. There are no repetition machining 
enterprises which can be geared down to give place 
to munitions work. In the case of privately owned 
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machining concerns, the shops are usually small, 
with only a few tools. 

“Around these general repair workshops our 
problem is to build as rapidly as we can a mass-pro- 
duction industry to produce a number of varied items 


in very large quantities. In this lies our greatest 
technical problem. Production planning of an article 
from a machine tool point of view means the assem- 
bling together of the tools necessary for the production 
rate required. 

“This assembling together of tools for certain 
specified work is now being done more and more 
throughout the country, and as more machine tools 
become available this policy can be followed in an 
increasingly bolder manner, until gradually a portion 
of our machine shops becomes transformed from repair 
shops to mass-production units. 

“The ultimate aim is to find the labour necessary 
to operate every machine tool we have got twenty- 
fom hours a day, and as the only labour likely to be 
available, as explained earlier, is fernale labour, it 
is necessary to assemble our tools to suit these labour 
conditions.” 











———— 





A Large Latvian Power Plant 


A LARGE water power plant has been completed 
recently in Latvia. It is situated in the Dwina River, 
at Kegums, about 30 miles above the outflow of that 
river into the Baltic at Riga. The station, which has 
been built by Swedish firms and partly with Swedish 
capital, comprises at present three turbine units with a 
tetal capacity of about 75,000 H.P. Later on a fourth 
set will be installed, giving the station a total output 
of 102,000 H.P. Work on the station was begun at 
the end of 1936, and by October, 1939, it had pro- 
ceeded so far that the power delivery to Riga could be 
commenced, and at the end of 1940 it was practically 
finished. In addition to the power station itself and 
the transmission lines, &c., the Swedish contractors 
have built the dam structure required, as well as locks 
for the river traffic and a high road bridge of steel 
across the river. 

The station utilises a head of 16 m., created by the 
construction of a dam, which, on account of the low 
river banks, had to be given a length of no less than 
2100 m. The spillway dam in the centre, which has a 
length of about 500 m., is built of concrete, while the 
rest consists of wide earth dams. By means of this 
dam the Dwina has been changed from a roaring river 
to a silent lake over a stretch of 45 kiloms., and forms 
a reservoir which contains about 140,000,000 cubic 
metres. The flow of the river is exceptionally variable, 
the spring flow sometimes amounting to 10,000 cubic 
metres per second, while the low water record is 
70 cubic metres per second. The river is, besides, 
known for its tremendous ice runs. Owing to these 
circumstances the spillway dam has been constructed 
for a maximum flow of about 11,000 cubic metres per 
second, discharged through two 80m. flap gates, 
operated by oil pressure, nine 20 m. wide taintor gates 
and one 20m. sector gate. Further, the generator 
station has been protected by an ice-breaking barrier 
of concrete. To allow the passage of timber rafts and 
boats one of the earth dams has been intersected by a 
system of locks which have a total length of 350 m. 
Another interesting detail is that the rather porous 
dolomite rock under the dams and the power-house 
has been sealed to a great extent by cement groutings 
carried out by Swedish experts. 

This imposing hydro-electric power plant, the 
largest so far constructed in this part of the Baltic 
area, has involved a total cost of about 45,000,000 kr. 
(£2,650,000). It has been designed and built by 
Swedish firms. The general contractors for the con- 
struction work were the Sentab Company (Svenska 
Entreprenad A/B), which in 1936 obtained the con- 
tract from the Latvian Government, while the plant 
was designed by Vattenbyggnadsbyran (VBB), con- 
sulting engineers, of Stockholm. The turbines are of 
the Kaplan type, built by the Karlstad Mechanical 
Works, and the generators and other electrical 
equipment have been made by the ASEA Electrical 
Company. Other Swedish firms have also con- 
tributed to the undertaking. At the time of maximum 
activity about 2500 Latvians were employed on the 
job, in addition to some fifty Swedish engineers and 
expert workers. The incorporation of Latvia into 
the Soviet Union has not affected the work on the 
plant, which was completed according to the original 
plans. 








ENGINEERING STUDENTS’ CONFERENCE.—The annual 
conference of engineering students in Great Britain is 
to take place concurrently with the National Union of 
Students’ Congress at Cambridge on April 2nd—6th 
(inclusive). Despite the present difficulties, the Engineer- 
ing Committee of the N.U.S. has arranged a very interest- 
ing programme. Colonel B. C. T. Freeland, Assistant 
Adjutant-General in Charge of the entry of young officers 
into the Royal Engineers, is to speak on ‘‘ The Student 
Engineer and the War.” Mr. F. C. Maxwell, Secre 
of the Student Industrial Committee, will talk on ‘‘ What 
Industry Expects from the University or College-trained 
Engineer.” During the Conference there will also be 
discussions on the various university and college courses 
from which suggestions for future alterations will, it is 
expected, be forthcoming. In addition, the vexing 
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The United States’ Trade with Russia 


The Foreign Commerce Weekly, the journal of 
the United States Department of Commerce, gives 
some interesting figures of the trade between the United 
States and Soviet Russia during 1940. It points out 
that Russia was the only large customer for American 
products amongst the non-belligerent European countries. 
Exports and re-exports from the United States to Russia 
during 1940 were valued at 86,943,900 dollars. In value 
these exports were exceeded only by those to Great 
Britain and France, which included large quantities of 
war materials. All the American shipments to the 
U.S.8.R. and some from other countries have for over a 
year been routed to Vladivostock, because of the practical 
closing of the Mediterranean and Baltic Seas to American 
ships by war conditions. Referring to the exports of 
cotton, which totalled in 1940 139,000 bales, valued at 
7,864,000 dollars, the journal states that the Soviet 
cotton crop of four million bales is sufficient to cover all 
the requirements of the mills now operating in the U.S.S.R., 
even with the Polish and Baltic mills included and to 
export a surplus to a number of European countries unable 
to obtain their usual supply of American cotton. Manu- 
facturing conditions, however, are reported by Soviet 
sources to call for the admixture of a certain proportion 
of American fibre with the Soviet cotton to make certain 
grades of goods. A reduction from previous years 
occurred in 1940 in the exports of black steel sheets and 
other rolling mill products. Exports of black sheets fell 
from 47,350,000 lb. in 1939 to 714,000 1b. in 1940, and 
the exports of strip, hoop, band and scroll iron and steel 
from 12,708,000 lb, to 174,000 1b. A sharp fall occurred 
in the exports of molybdenum ore, which was due to the 
application of a moral, later converted into an actual, 
embargo upon the shipments. There was, however, a 
startling rise in the exports of refined copper in ingots, 
bars, and other forms, from 45,496,000 lb. in 1939 to 
108,956,000 lb. in 1940. The Foreign Commerce Weekly 
comments on the “‘ astonishing’ rise which it says has 
occurred since the inning of the war in Europe. The 
explanation put forward is that the impossibility of 
obtaining copper from the usual sources—Great Britain, 
Belgium, &c.—has compelled the U.S.8S.R. to turn to 
the American market. Oil pipe line required for the 
expanding Soviet petroleum industry was exported to 
the extent of 64,099,000 lb., and was believed to represent 
orders placed in the United States because of the impossi- 
bility of obtaining delivery from Germany. 


The Pig Iron Market 

Most consumers of pig iron have received their 
second quarter allocations and are busy placing orders. 
One of the features of the market is the sharp demand from 
the heavy engineering foundries, which principally require 
ig iron of a low-phosphoric content. The discrepancy 
tween the home production of this iron and the demand 
is made up by imported irons. On the North-East Coast 
consumers of ordinary foundry grades will receive their 
supplies during the next delivery period from the Mid- 
land producers, as was the case during the first quarter 
of the year. There seems to be no shortage of high- 
phosphoric pig iron and the producers are understood 
to be holding fairly good stocks. The production of 
Cleveland iron is comparatively insignificant and con- 
sumers have now become accustomed to the use of 
Midland brands. There has been no change in the 
official quotations for pig iron, which remain for Northants 
No. 3 at 127s. 6d. and for Derbyshire No. 3, 130s. Active 
conditions are fairly general in the Lancashire market 
and there has been a considerable trade in the heavy 
castings department, whilst the jobbing foundries are busy. 
Although there is a certain amount of irregularity amongst 
the latter, some blast-furnaces are behind in delivery, 
and it is certain that undelivered tonnages will be carried 
over into the next delivery period, if this procedure is 
approved by the Control. There is a steady and increasing 
demand for refined irons, as a good many of the foundries 
are dealing with special work. Business in hematite con- 
tinues brisk and consumers are absorbing all that comes 
upon the market. The distribution is carefully supervised 
by the Control and apparently supplies are still somewhat 
tight. Imported iron, however, is being used to ease the 
position, but both home and foreign iron of this descrip- 
tion is being carefully rationed, and consumers are finding 
it difficult to obtain even small quantities for approxi- 
mately early delivery. The official prices are retained at 
138s. 6d. for No. 1 quality, d/d North-East Coast and 
West Coast of England and Scotland, ranging to 150s. 

d/d Birmingham. 


Scotland and the North 


The consumption of steel during March is 
reported to have been on a higher scale than at any time 
since the war began. Production at the steel works has 
been pressed to the utmost, and there has been a big 
distribution of imported finished steel. The distribution, 
however, has been tightened up and users engaged upon 
work which comes in the non-essential category have 
little chance of obtaining their full requirements. Whilst 
for the past few weeks the demand for structural steel 
has declined particularly where the heavier sizes are 
concerned, this will probably expand again owing to the 
participation of the constructional engineers in ship- 
building. To make good the expected increased demand 
it is anticipated that the heavy finished steel works will 
be pressed to extend their operations. There has been 
a ing up at the marine engineering works, and the 
requirements of steel in this branch of the industry have 
increased with the result that still greater pressure has 
been placed upon the steel works. There is still some 
tightness in the plate position. The shipyards are absorb- 
ing large tonnages of plates of all thicknesses, whilst 
tank and boilermakers are also pressing for supplies. 


Markets, Notes and News 


Unless otherwise specified home trade quotations 


Export quantities are f.o.b. steamer 


and are taking up considerable quantities of steel. Recently 
one of the features of the market has been the call for 
alloy and special steels, and there are indications that 
the production of these special qualities is being expanded. 
Engineering firms engaged in armament production are 
large users, and their requirements are likely to increase 
rather than decline. All the re-rolling works are fully 
employed and the output in this industry is on a large 
scale. Supplies of billets are moving with moderate 
freedom to the works, although there may be a stringency 
in some sizes. The imports of semis, however, have been 
heavy, and their distribution has been carefully super- 
vised, with the result that the re-rollers are able to operate 
with regularity. 


Copper and Tin 

There has been no furidamental change in the 
copper position. Notwithstanding the German efforts 
to blockade this country, supplies of copper are sufficient 
to meet our requirements, and none of the war industries 
is going short. In the United States a firmer tone has 
developed in the export market, and whilst the domestic 
price is retained at 12c. the export quotation is stronger. 
Officially, the figure is held at 10-60c. f.a.s.; but in 
practice it is not easy to obtain copper at less than Ilc. 
The demand for semi-finished copper has become more 
active and British India is reported to have been in the 
market for good quantities. The strengthening in the 
position is particularly noticeable in the case of copper 
sheets. There is some stringency in the supply of brass 
products in the United States, but this appears to be 
largely the result of the tightness in spelter supplies. 
American manufacturers are taking up good quantities 
of the copper imported from Latin America. In addition 
to India, Russia and Japan are also understood to be 
ready buyers if they could obtain the metal. The passage 
of the Lease and Lend Bill, however, has definitely 
committed the United States to supplying the democracies 
with the copper they need and has given the American 
authorities a ready-made excuse for not meeting the 
dictator countries and their allies.... The decisions 
of the International Tin Committee, which met last week, 
were very much in accordance with expectations. It 
was agreed to maintain the quotas at the rate of 130 per 
cent. of the standard tonnage, and the signatory countries 
were recommended to renew the agreement for five years 
from the end of 1941 subject to adjustments in the quotas. 
Apparently this would mean that the Bolivian quota 
would be reduced by 6000 tons to 40,000 tons, since 
Bolivia has never been able to produce to her full quota, 
whilst the quotas for Malaya and the Dutch East Indies 
would be increased by 11,000 tons each, bringing them to 
88,000 tons and 50,000 tons, respectively. The quotas will 
remain unchanged at 130 per cent. for the second half of the 
current year. Itis thought in the market that probably an 
arrangement has been reached with the American Reserve 
Company, as unless that body continued to buy the quan- 
tities it set out to purchase at 50c., the 130 per cent. 
standard would be too high. Ifthe United States continues 
to accumulate a reserve of tin, however, the Committee 
probably felt that it was safe in maintaining production. 
The signatory countries have to make up their minds 
as to their attitude towards the suggested revision of the 
scheme by the end of September. 


Lead and Spelter 

The lead position remains comfortable, although 
large tonnages are passing into consumption to the war 
industries. In Great Britain the Control continues to 
supervise distribution carefully, and in view of the 
intensified German efforts to blockade this country this 
is obviously a desirable attitude. It is perhaps for this 
reason that care is taken in issuing licences for export, 
although at the same time it is understood that fair 
quantities of manufactured lead products are being 
shipped abroad. In the United States the demand remains 
active, largely as a result of the rearmament which is 
going on in that country, and prices are unchanged at 
5-75c. New York. According to the Australian Common- 
wealth official statistics for the nine months ended 
March 31st, 1940, the Australians shipped 164,800 tons, 
whilst for the corresponding period of 1938-39 the total 
was 201,000 tons.... The spelter situation in Great 
Britain remains satisfactory, although the world position 
is generally tight. The British Control continues to 
exercise caution in the distribution of supplies, but the 
firms engaged upon war work find no difficulty in obtaining 
the necessary metal. The galvanising industry continues 
to take large tonnages, whilst the demand from the 
brass makers, which has been at a high level since the 
beginning of the war, is unrelaxed. In the United States 
the position is stringent, but the price is steady at 7-25c. 
East St. Louis. It is interesting to note that the American 
Zinc Institute has appointed a Committee to act as an 
advisory y in connection with the priority scheme 
in that country. There is practically no spelter available 
in the United States for export, even to Great Britain 
and Empire countries, but supplies appear to be reaching 
us satisfactorily, and the arrangements made with the 
Australian and Canadian producers at the beginning 
of the war are proving of enormous value to Great Britain 
at the present time. 








BeryLuiuM.—Among the. lesser worked minerals 
which South Africa has to offer is beryllium, an oxide 
of which is used chiefly as a super-refractory, but also 
for other purposes. The metal, however, is used mainly 
in alloys, almost entirely in beryllium copper. Beryllium 
nickel also has possibilities, and aluminium alloys with 
beryllium additions are being investigated. It is proposed 
to manufacture several parts in a new special rifle of a 
beryllium copper alloy, which has a high tensile strength 





The locomotive makers and wagon builders are busy 





subject of ‘“‘ vacation courses ”’ will be discussed. 





and in most cases have a large amount of work in hand 





and which, by means of simple heat treatment, can be 
hardened almost to the consistency of high-grade steel. 
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Rail and Road 


THE SCHNEIDER Works.—According to American 
reports the Schneider armament works at Le Creusot, 
in Occupied France, which have been idle since June 17th, 
1940, are to be reopened as a locomotive and car equip- 
ment plant in the near future. 


DISMANTLING Rattways.—The Indian Central Advisory 
Council for Railways is considering proposals of the 
Government to dismantle branch lines which are either 
unremunerative in working or capable of replacement 
by other means of transport offering better facilities to 
the public. It is understood that the total length marked 
down for dismantling is over 600 miles. 


ALUMINIUM AS A Rattway MarTerrat.—Last December 
the Union Pacific oil-electric streamlined train, “ City 
of Los Angeles,” while travelling at high speed, was 
derailed by a broken rail near Julesburg. The inquiry, 
that has since been held, has proved that the aluminium 
alloy largely used in the construction of the train did 
much to minimise the disaster. The cars were of aluminium 
alloy girder-type construction, and the fact that no 
one was killed or seriously injured is a high tribute to 
their safety. All the vehicles were quickly repaired and 
replaced in service. 

Snow Removau.—tThe disposal of snow is one of the 
most serious problems of the road engineers in America 
and Canada. An Allegheny County engineer has 
invented a remover which melts away the snow. The 
equipment consists of a 7ft. by 10ft. wide box equipped 
with six burners fed by a mixture of crude oil and gir 
from a 300-gallon tank truck. On the first test made in 
January, the machine cleared a 10ft. wide path of 3in. 
show, operating at a speed of 6 miles per hour. It is 
estimated that an emergency landing area, 150ft. wide 
and long enough to permit planes to land and take off, 
could be cleared with the machine in an hour. 


A Swiss P.O. Ramway.—An underground electric 
railway similar to that used in London by our own G.P.O. 
was opened some months ago in Zurich by the Swiss 
Postal and Telegraph Department. It extends from the 
head post office by the River Sihl to the main Zurich 
station, a distance of more than $ mile. There is only 
one track, and the driverless electric truck that runs to 
and fro between the two termini can be set in motion by 
pressing a push button on the main control panel. Each 
trip ends on a lift which is raised automatically as soon 
as the truck is on it. The truck makes about eighty 
return trips a day with a maximum load of 550 lIb., 
and the running time, including the lift operations, is 
under three minutes. 

A Proposep S8.P.C.E.—In the -course of a debate 
on the coal industry, recently, an M.P. said that some 
trains were overloaded to the extent of almost 
stultifying their purpose. The engine was almost torn to 
pieces trying to get them out of the station. ‘‘ There 
ought to be some practical man,” he continued, ‘‘ who 
understands these matters to deal with them. They 
should not be left to officials who are so high in their 
own estimation that they will not listen to the practical 
men they are in charge of.” One of our contemporaries 
has been given to understand that the formation of a 
Society for the Prevention of Cruelty to Engines is likely 
as a result of this protest. 


Air and Water 


Youcuat Bripce.—The Cork County Council is for- 
warding a memorial to the Minister for Local Govern- 
ment and Public Health, asking for the necessary powers 
in respect of the reconstruction of Youghal Bridge, over 
the River Blackwater. The memorial proposes that a 
new bridge of reinforced concrete and steel, having suitable 
approaches, should replace the existing structure. 

FiLoops IN THE Fens.—The River Great Ouse Catch- 
ment Board is asking the Ministry of Agriculture and 
Fisheries to approve the modified scheme which has been 
based on the report prepared by Sir Murdoch Macdonald 
for flood protection in the Fens. The total length of the 
channel first contemplated would be 61 miles, of which 
20 miles would be in Cambridgeshire, and the total esti- 
mated cost is £3,810,000. 

Foc Dissrpation.—A method for the dissipation of 
fogs over aerodromes, developed at the Massachusetts 
Institute of Technology, consists of spraying the air 
with a liquid solution of sulphur chloride through nozzles 
attached to hoses. Those responsible for recent experi- 
ments found that by spraying 85 gallons of the solution 
they could cut through fog a swath measuring 30ft. high, 
150ft. wide, and 1500ft. long in the direction of the wind. 


PLANNING CaNAL Expansion.—Germany is reported 
to be planning an expansion of canal transport through 
the ‘‘ New Europe” she expects to organise. Among 
works already in hand are those at the heads of the 
Rhine—Main—Danube and Oder—Danube canals, and the 
improvements to the Elbe, Oder, and Weser, the Dort- 
mund-Ems canal, and the Neckar. Another scheme to 
be completed is the Hansa canal project, to connect the 
German northern seaports with the Westphalian industrial 
districts, and the joining of Hamburg with the south-east 
of Europe. 

War AND WaTER Power.—-The demand for more war 
material has led to plans to extend the power development 
facilities at Niagara Falls. The President of the Hydro- 
Electric Power Commission of Ontario suggests the 
expenditure of £8 million on the scheme. The Commission 
at present is diverting 5000 cubic feet per second over 
that permitted by treaty under a temporary agreement 
entered into last year, and the new scheme will ask the 
United States Government to agree to a further diversion 
of 10,000 cubic feet per second. Most of the power is 
being exported to the United States for the production 
of ferro-alloys for the British. The Commission plans 





to build a new 50,000 H.P. generating plant at Decew 
Falls, near Thorold, Ontario, using water diverted from 
the river through the Welland Canal. 


Surppine Losses.—Mercantile losses by enemy action 
for the week ended March 17th were seventeen British, 
representing 60,670 gross tons, and six Allied, representing 
11,103 gross tons, making a total tonnage loss of 71,773. 
Since the beginning of the war the Germans have lost by 
capture, sinking, and scuttling approximately 1,449,000 
gross tons of shipping, and the Italians 790,000. In 
addition, they have suffered the loss of some 62,000 tons 
oi neutral shipping under their control or useful to them. 
The total enemy losses to date thus amount to approxi- 
mately 2,300,000 gross tons. Their losses in the five 
weeks since last report have been about 300,000 tons. 


Miscellanea 


LinEN Drawines.—Following the recent appeal for 
old linen drawings made by the Building Centre, thousands 
of pieces of first-class linen have been salved and well 
over £2000 worth have been passed on to the Women’s 
Voluntary Services. 

A ScreENcE ScHoLtarsHip.—The Worshipful Company 
of Clothworkers has established in the University of 
London the “William Gilles Fellowship in Science.’ 
The award, open to internal and external graduates, 
will be made biennially and its value is about £220. 


An ORE CarRRIER.—What is thought to be the heaviest 
belt ever made in Canada has just been delivered to a 
mine in Ontario. It is an 890ft. conveyor, 54in. wide, of 
ten-ply special duck, and will be used to raise jagged, 
heavy, abrasive ore from a depth of over 100ft. The belt 
weighs 28,000 Ib. 

CoFFEE Puiastic.—Further particulars have now been 
published about “ Caffelite,’”” an American plastic from 
coffee beans. The green beans are powdered, the oil 
removed, and ‘“ by the extraction and reintroduction of 
certain chemical constituents of the bean itself, a 
co-ordinated type of resin is produced,” the physical 
constants of which are close to those of the phenolic 
resins. 

Wak AND INDUstRY.—China, in common with other 

countries at war, is making progress by transplanting 
industries from the coastal areas to the safer interior. 
The Government has enlarged or established eleven 
power plants in Hunan, Szechwan, Kweichow, Yunnan, 
Shensi, and Kansu provinces, and its aim is to make 
these power plant sites new industrial bases. Three large- 
scale hydro-electric power plants are being erected. 
L. F. Loutrel 
in a recent paper recommended the employment of a 
pickling solution containing ferric sulphate and hydro- 
fluoric acid for the treatment of austenitic nickel-chromium 
steel. “ Ferri-sul,” as this pickling agent is called, is 
said to ensure a very smooth finish, and by the selection 
of suitable conditions, unetched white, matte, and passi- 
vated surfaces can be regularly obtained. 


Export or Paint MaTeriaLs.—The Ministry of Supply 
has, in response ta representations made by the British 
Standards Institution on behalf of the paint and allied 
industries, agreed as a wartime concession to allow the 
conditions applicable to the carriage of paints on passenger 
ships with a flash point of 93 deg. Fah. to be extended to 
liquids having a flash point of 88 deg. Fah. This con- 
cession is a considerable help to export and the increase 
in the available shipping space for paint materials will 
be very welcome. 


ALUMINIUM PrRopUCTION IN AMERICA.—The great 
demand for aluminium is reflected in American figures 
recently published. The total production in 1940 was 
412,560,000 Ib., exceeding the peak reached in 1939 by 
26 per cent. Consumption (454,034,000 Ib.) rose 35 per 
cent. above that in 1939. At the end of 1940 aluminium 
was being produced at a rate exceeding 500 million pounds 
annually. The bauxite in the United States last year 
totalled 438,000 long tons, an increase of 17 per cent. on 
1939. Shipments from Alabama and Georgia again 
declined, but for the first time the State of Virginia 
accounted for a small output of bauxite. 


STANDARDISATION IN ARGENTINA.—When Lord Willing- 
don was in Buenos Aires recently, he received a deputation 
of British engineers who reported on the work of the 
Instituto Argentino de Racionalizacién de Materiales, 
which, for short, is known as I.R.A.M. The I.R.A.M. 
owes its inception to Engineer Marceliano A. Ceriale, 
and has made rapid strides during the last five years, 
being supported by both private and official interests. 
All Argentine Standard Specifications are prepared by 
I.R.A.M., which submits them for fiscalisation and adop- 
tion to the National Commission for the Unification of 
Materials, created by Government Decree in December, 
1937. 

Macurinine ALumintium ALLoys.—Authoritative inform- 
ation concerning the machining of aluminium alloys is 
embodied in a bulletin recently issued by the research and 
development department of the Northern Aluminium 
Company, Ltd. A high speed of working is a well-recog- 
nised feature of aluminium alloys, but the inherent pro- 
perties of the metal and its alloys which contribute to 
this characteristic are often left unexplained. Con- 
sequently, some space has been devoted to a review of 
the relevant properties—including the Brinell number, 
the high coefficient of friction of aluminium on steel, 
high thermal conductivity, high expansibility, and 
relatively low notch strength—-which are of importance 
in determining the machining characteristics of aluminium 
alloys. Alloys of high silicon content are accorded special 
attention, particularly with regard to the use of tools 
tipped with cemented carbides to secure a high finish. 
The possibilities of obtaining with such alloys an accurate 








degree of high finish with diamond tools is also discussed. 
The characteristics peculiar to low-tensile and high-tensile 
alloys are reviewed in detail, as are also cutting materials 
available for the various purposes. Functions of cutting 
fluids—and the various types availible—-are also dealt 
with, whilst a feature likely to be of perticular interest 
to machinists is the analytical descriptions relating to 
chip formation and behaviour. The latter part of the 
bulletin is devoted to a review of cutting tools, including 
lathe tools, shaping and planing tools, milling cutters, 
drills and reamers, saws and files. Copies of the bulletin 
may be obtained by applying, on business notepaper, 
to the research and development department, the Northern 
Aluminium Company, Ltd., Banbury, Oxon. 
BENTONITE.—Particulars of the uses to which this 
colloidal clay can be put appear in a paper (No. 609) 
published by the American Bureau of Mines. It is largely 
used by foundries as a bond for the sand used in 
moulds for metal castings, and as an ingredient in oil 
well drilling muds. In the foundry, bentonite is preferred 
to other bonding clays on account of its high bonding 
efficiency, lower water content, high covering power, 
long life, high strength and refractoriness, and the greater 
permeability it imparts to the moulds. The many other 
uses of bentonite, most of which are well known, include 
its application as a filler in various products and com- 
positions, as a detergent, as an emulsifier, in chemicals, 
and in the refining of oils and fats, and relatively little 
change has taken place in the importance of these according 
to consumption. Notable among newer uses are those 
in sewage and water treatment, in the clarification of 
food products, as a suspending agent in animal foods, in 
dry batteries, and as a thermal insulating medium. 
The quantity of bentonite produced annually in the 
United States now reaches nearly 200,000 tons a year. 


. Personal and Business 


Mr. W. A. EpMENson has been appointed to succeed 
Mr. 8S. Berkeley as Ministry of Shipping representative in 
Belfast. 

Mr. R. C, Fox, A.M.1.E.E., head of the Electrical Engi- 
neering Department, North-Western Polytechnic, London, 
has been appointed Principal of the Lisburn Technical 
School, Northern Ireland. 

THe Iron Trades Employers’ Insurance Association. 
Ltd., announces that Mr. Frederick Cresswell Pyman. 
who has been a member of its board for seventeen years, 
has been appointed vice-chairman to fill the vacancy 
created by the death of Mr. John Barr, C.B.E. 


REcENT admissions to the Fellowship of the Royal 
Society include Mr. A. A. Griffiths, research engineer, 
Rolls-Royce, Ltd., formerly on the staff of the Royal 
Aircraft Establishment, Farnborough; Mr. A. J. 
Rowledge, consultant engineer, Rolls-Royce, Ltd.; and 
Mr. R. A. Watson Watt, scientific adviser on tele- 
communications, Ministry of Aircraft Production. 


Tue Broapway ENGINEERING Company, Ltd., London, 
N.W.9, informs us that Mr. G. W. Hamblin, formerly 
manager of the Manchester branch, was recently appointed 
general manager and is now at the head office in London. 
Mr. M. H. Robin has been appointed manager in Man- 
chester in Mr. Hamblin’s place. Mr. J. B. Ritchie has 
been appointed manager in Glasgow. 








Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this col , are requested to note 
that, in order to make sure of its insertion, the necessari' information 
should reach this office on, or before, the morning of the oe 
of the week preceding the ti In all cases the TIME a 
PLACE at which the meeting ts to be held should be clearly stated. 








Institute of Fuel 
Thursday, April 3rd.—Connaught Rooms, Great Queen Street, 
London, W.C.2. ‘‘ How Far is the Approximate Analysis 


a Reliable Guide to Coal Behaviour,” J. G. Bennett. 
2.15 p.m. 

Wednesday, April 30th.—Royal Victoria Station, Sheffield. 
‘**Research and the Coking Industry,” E. W. Smith. 
2.30 p.m. 


Institution of Chemical Engineers 
Friday, April 4th.— Connaught Rooms, Great’ Queen Street, 
W.C.2. Annual Pr tial address, ‘Some 
Post-war Problems,” F. . Rogers. Luncheon, 
12.45 for 1 p.m. 
Institution of Electrical Engineers 
Saturday, March 29th.—S. MipLanp CENTRE : 
Birmingham. Luncheon, 12.30 for 1 p.m. 
Saturday, March 29th.—N. Mipuanp StupENtTs: Hotel Metro- 
pole, King Street, Leeds. Luncheon. 2p.m. “ Telephone 
Transmission Improvements,” A. C. Holmes. 3.15 p.m. 


Institution of Mechanical Engineers 
Saturday, March 29th.—N.W. Grapvuates: Engineers’ Club, 
Albert Square, Manchester. ‘“‘ An Introduction to Activated 
Carbon and its Industrial Applications,” N. Bardsley. 
2.30 p.m. 





11 a.m. 


Grand Hotel, 


Institution of Naval Architects 
Wednesday, April 2nd.—Royal Society of Arts, John Adam 
Street, Adelphi, W.C.2. Annual general meeting. 12.30 p.m. 


Junior Institution of Engineers 


Friday, April 4th.—39, Victoria Street, London, 8.W.1. ‘ Some 
Historical Bronze Castings,” R. Lowe. 6 p.m. 
Friday, April 18th.—39, Victoria Street, London, 8.W.1. 


‘Fittings and their Effect on the Efficiency of Supply 
Lines,” s. J. Moore. 6 p.m. SHEFFIELD SECTION: Metal- 
lurgical Club, West Street, Sheffield. Discussion evening. 
6.30 p.m. 


North-East Coast Institution of Engineers and Shipbuilders 
To-day, March 28th.—Mining Institute, Newcastle-upon-Tyne. 
“The Economics of the Design of Condenser Plant and 
or Water Systems Applicable to Power Stations,” 
TT. Bottomley. 6 p.m. 








